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Dear Examiner, 

The attached search was run with the most recently released version of Compugen's search software, 
GenCore 5. With this update, several changes have occurred in the results of FrameSearches (protein 
query sequence vs nucleic acid databases or nucleic acid query sequence vs protein databases). 
In reference to FrameSearches: 

• The output format has been improved so that it more closely resembles the format for standard 
search output. 

• Calculation of Percent Similarity has been changed for FrameSearches. The new method of 
calculation is more similar to the method used in NCBFs BLAST algorithm. The same results 
found in the same order using GenCore 5 and the previous version of GenCore, but Percent 
Similarities are lower in GenCore 5 results. 

• The formula for % similarity calculation is: 

matches + conservative substitutions 

100 * -■ 

alignment_length 

where "matches" is the number of identical matches and "conservative substitutions" is the 
number of non-identical positive matches. 

• GenCore 4.5 considers the match Thr vs GCT (Ala) to be a similarity since 
BLOSUM62 gives score of 0 to this match. It is marked by in the alignment: 

Qy 46 AspSerThrAspAla.Met . .Gly 52 

llllll::: ||| ::: ||| 
Db 605 GATTCCGCTGCTGCTAATTTTGGC 628 

GenCore 5 requires a positive score to consider a non-identical match a similarity, 
therefore the same 'match' is not emphasized in the new alignment: 

Qy 46 AspSerThrAspAla.Met . .Gly 52 

MM - HI 

Db 605 GATTCCGCTGCTGCTAATTTTGGC 628 

*If you have any questions, please feel free to contact one of the searchers in Biotech/Chem Library. 
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fr fTYTOlCINE RECEPTORS IN LYMPHOCYTES 



TwJmical Field 

The invention relates to the field of im munotherapy, more specifically to the 
introduction.of.geD^i c piaterial encoding chimeric cytokine receptors int o lymphocytes to 
10 reduce the dependency of the activated lymphocytes on T helper cells and/or grow-h factors 
supplied by T„-cells. 

PacKgrpimd 

T lymphocytes are responsible primarily for protection against intracellular pathogens 
IS and malignant tumors. Individuals who are grossly deficient in T-cell immunity frequently 
succumb to overwhelming infections by organisms such as cytomegalovirus, Pneumocystis 
carinit, Candida, and other apparently "opportunistic" pathogens, including bacteria, viruses 
and fungi. Immunosuppression can result from a variety of causes, including viral infections 
(for example, with the HIV virus), as a result of chemical therapy, and malignancies 
20 (particularly of types that affect the hematopoietic system). T-cell inuminity is also the major 
mechanism for rejection of allogeneic tissue or organ transplants. In tact, a major limitation to 
transplant therapy has been the difficulty in suppressing T-cell allograft rejection reactions 
without overly compromising vital protective mechanisms. 

Hie adoptive transfer of antigen (Ag)-speciftc T cells to establish immunity appears to 
25 be an effective therapy for some viral infections and tumors in the mouse animal model system. 
(For a review, See P.D. Greenberg, in Advances in Immunology F. Dixon Ed. Academic Press, 
Inc. Orlando Fla. (1991), pp. 280-355.) However, the efficacy of an adoptive transfer method 
is dependent upon many factors, including the longevity of the transferred clones and the lack 
of toxicity to the host of the transferred cells. 
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HIT C specific for a retrovirally transformed tumor have been shown to eradicate the tumor cells 
and persist long-term in vivo following their engraftment (Klarnet et al., 1989, supra). 
However, analogous human HIT C cells having specificity for many important antigens, such as 
HIV, have not yet been isolated. 
5 Realizing the full potential of antigen-specific T cells in therapy would be facilitated by 

developing a more complete repertoire of lymphocytes, in particular ^^wit h a lessened 
dependency on T„-cells. One approach has been the introduction of a recombinant vector that 
expresses a cytokine receptor, for example the IL-1 receptor, into T„-dependent CTL, resulting 
in the conversion to CTLs with a lessened dependency on IL-2. (PCT/US9 1/06921, WO 
10 92/05794, published April 16, 1992). The present invention, described below, presents a 

different approach to the production of lymphocytes with lessened dependency on one or more 
factors that stimulate growth and proliferation. As a part of the invention, lymphocytes with a 
lessened dependency on a stimulatory factor are produced via the expression of chimeric 
cytokine receptors that enable the cells to proliferate despite limiting quantities of a normally 
15 required cytokine, for example IL-2. The chimeric receptors contain domains of cytokine 

receptor chains, for example, IL-2 receptor (IL-2R), fused to domains of heterologous cytokine 
receptors. Chimeric receptors containing a portion of the IL-2R have been reported. In one 
chimeric receptor construct, an extracellular domain of IL-2R (now known to correspond to the 
o-chain) was fused to a transmembrane and intracellular tyrosine kinase domain of epidermal 
20 growth factonreceptor_(EGFR). J Thepolypeptide was expressed in fibroblasts, yielding a 
producTwhich reportedly hadhigija^^ transformed the 

tlSOern^ et^r(IW7), ProcTNatl. Acad. Sci. USA 53:2125-2129. However, it has 
beenTeporl^SaTfitobiastoid cell lines do not to respond to IL-2 by proliferation. (Cf. 
Takeshita et al. (1992), Science 257:379-382. citing S. Minamoto et al. (1990), J. Immunol. 
25 1^2:2177). In another chimeric construct, the extracellular domain of IL-2R 0-chain was 
fused to the cytoplasmic domain of murine erythropoietin receptor (EPO-R). The resultant 
construct was reportedly not capable of transducing an IL-2 induced signal. Mori et al. (1991), 
Int Immunol. 1: 149-156. 




30 Summary of the Invention 

The invention provides polynucleotide constructs encoding chimeric receptors that 
enable activated lymphocytes, particularly cytotoxic T lymphocytes (CTLs), to proliferate in 
response to an alternative cytokine other than one that is normally required. Preferably the 
alternative cytokine is one mat is synthesized within the lymphocyte in response to antigen 

35 stimulation, which would thereby provide the lymphocyte with regulated autocrine growth. 
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Mature T lymphocytes generally express the CD3 cell surface molecule, but consist 
predominantly of two basic subtypes based on their mutually exclusive expression of cell 
surface molecules CD4 and CD8. CD4+ T cells are generally involved in "helper" functions in 
immune responses and secrete cytokine molecules, in particular interleukin 2 (IL-2), upon 
5 which the cytotoxic CD8* T cells are dependent CD4* T cells are often referred to as T 
helper (T„) cells. CD8* cells are involved in "effector" functions in immune responses, such 
as direct cytotoxic destruction of target cells bearing foreign antigens, and represent an 
important mechanism for resistance to viral infections and tumors. The functional distinction 
between CD4+ and CD8* T cells is based on the ability of CD4 + cells to recognize antigen 

10 presented in association with class II MHC molecules, and CD8* cells to recognize antigen 
presented in association with class I MHC molecules. The CD8* cells that mediate this lytic 
function are designated cytotoxic T lymphocytes (CTLs). Although most CTL are of the CD8+ 
phenotype, some CTL of the CD4* phenotype have been described. Generally, individual ^ 
CTLs (whether CD8+ or CD4+) are antigen-specific. 

IS * Lymphocytes are dependent upon a number of cytokines for proliferation. For 

example, CTLsare depend ent on helper T (Th) cell-derived cytoki nes, such as JL-2 Jtor gro wth 
and proliferationjn^r^ponse to foreign antigens. (Zinkernagel and Doherty, Adv. Immunol. 
273l7T979; Male et al., Advanced Immunology, Chap. 7, Gower Publ., London, 1987; 
Jacobson et al., J. Immunol. 133:754, 1984). IL-2, for exai nple^isa potent mitogen for 

20 cytotoxic T lymphpcytes.(Gillis and Smith, Nature 268:154, 1977), an d thTconTbtoiatio^ f^" _ 
antigeirandJI^ in vitro. The importance of IL- 

2 for the growth and maintenance of the CD8+ CTL in vivo has been documented in models of 
adoptive immunotherapy in which the therapeutic efficacy of transferred anti-retroviral CD 8* 
cells is enhanced by subsequent administration of IL-2 (Cheever et al., I. Exp. Med. 155:968, 

25 1982; Reddehase et al., J. Virol. 61:3102, 1987). IL-4 and EL-7 are also capable of 

stimulating the proliferation of at least a sub-population of mature CD8* CTL (Alderson et al., 
J. Exp. Med. 172:577, 1990). 

Due to the specificity of T cells for^non^f!_antigens, considerable research has been 
focused on the use of T cells - in treating viral infections and malignant tumors. Cytotoxic T 

30 cells specific for a particular type of tumor antigen can be isolated and administered to a patient 
having the tumor, with the effect that the CTLs ameliorate the tumor. It has been 
demonstrated, for example, that tumor-specific T cells cannot only be generated to experimental 
tumors in mice, but also that T cells with apparent tumor specificity can be isolated from 
cancer patients. Such human tumor infiltrating lymphocytes (TILs) have been expanded in 

35 vitro and used to treat cancer patients, generating significant enthusiasm for human adoptive 
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immunotherapy with tumor-specific T cells (Rosenberg et al., N. Engl. J. Med. 319:1767, 
1988). 

Similar studies usin g cytotoxic T cells specific for vir^ ami ge^hav e also.bee n > 
conducted in animal models. Human HIV-specific CTL of both the CD8 + (Walker et al., 
5 Nature 328:345, 1987; Plata et al.. Nature 328:348, 1987) and CD4+ (Siliciano et al., Cell 
54:561, 1988) phenotype have been isolated and characterized. HIV-specific CD8* CTL are 
classical CTL in that their cytotoxic responses are antigen-specific and MHC-restricted (Walker 
et al., supra; Chenciner et al., Eur. J. Immuno. 19:1537, 1989; Walker et al., Proc. Nad. 
Acad. Sci. USA 86:9514, 1989), in common with the numerous mouse and human CTL clones 

10 which have been characterized which are specific for viral, tumor or allospecific antigens. 

Although many antigen-specific T cell clones have been isolated, the use of tumor- 
specific T cell clones generated in vitro has been shown to have definite limitations in tumor 
therapy. It has been demonstrated in several therapeutic models that the efficacy of cytolytic 
CD8+ T cells is limited by a dependency on exogenous IL-2 (normally produced by T„ cells), a 

15 finding that has been substantiated in human adoptive therapy trials in which administration of 
exogenous IL-2 appears essential for optimal therapeutic efficacy (Rosenberg et al., N. Engl. J. 
Med. 319:1767;, 1988; Klaraet et al., in Role of Interleukin-2 Activated Killer Cells in Cancer, 
Lutzova and Herberman (eds.), CRC Press, Florida, Chap. 14, pp. 199-218, 1990). Thus, 
while in vitro T cell cloning techniques provide a means to generate large numbers of T cells 

20 with demonstrable tumor or viral specificity, the full potential of using such antigen-specific T 
cells in therapy appears to be limited by their dependency on cytokines normally produced by 
T H cells. 

In some limited instances the problem of T„ dependency may be circumvented by using 
a particular class of cells known to function independent of T H cells. These cells are known as 

25 helper-independent cytolytic CD8* cells (HTTc) (Klaraet et al., J. Immunol. 142:2187, 1989) 
and have been identified in populations of primary (i.e., freshly isolated from in vivo sources) 
CD8+ CTL (Sprent and Schaefer, J. Exp. Med. 162:21068, 1985; Andrus et al., J. Exp. Med. 
159:647, 1984). HIT C cells produce sufficient IL-2 to grow independently of CD4 + cells and 
the cytokines they produce. HTT C cells have been shown to express plasma membrane IL-1 

30 receptors (IL-1R) and require IL-1 for their IL-2-independent proliferation (Klarnet et al., 
1989, supra). This is in contrast to conventional CD8+ CTL which do not express detectable 
IL-1R on their surface (Lowenthal and MacDonald, 1987). HTT C cells have been generated 
which are specific for a range of antigens, including tumor, viral and alloantigens (von 
Boehmer et al., J. Inramnol. 133:59, 1984; Klarnet et al., J. Immunol. 138:4012, 1987; and 

35 Andrus et al., J. Exp. Med. 149:647, 1984; Mizouchi et al., J. Immunol. 142:270, 1989). 
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The chimeric constructs expressed fr om the polynucleotides ^contain-a-cytdplasmic region 
^eriveTfrom^eTeceptor af the normally required cyto kine, for exa mple H--2R, joined, via a 
tnuisTnemTJran^^ 

^r^ep^eTg TGM-CSFjR ^These chimera bind the cytokine (e.g., GM-CSF) recognized by 
5 the extracellular fegionof the alternative cytokine receptor (e.g. GM-CSF-R), and transmit the 
signal that generally occurs when the normal cytokine (e.g., IL-2) binds to its receptor (e.g. IL- 
2R), resulting in proliferation. The invention also includes the use, of the polynucleotides 
encoding the chimeric receptors to prepare lymphocytes with lessened dependency on a 
cytokine, and the cells containing the chimeric constructs. The use in immunotherapy of 
10 lymphocytes containing polynucleotides encoding the chimeric receptors is also within the scope 
of the invention. 

Accordingly, one embodiment of the invention is a chimeric receptor comprising one or 
more chimeric peptide chains that have an extracellular domain derived from cytokine receptor 
A-R that binds cytokine A, joined, via a transmembrane domain, to a cytoplasmic domain 

IS derived from cytokine receptor B-R that binds cytokine B, wherein cytokine B is a cytokine mat 
is normally required by a lymphocyte for growth and proliferation and wherein the chimeric 
receptor expressed in said lymphocyte lessens the growth dependency of the lymphocyte on 
cytokine B in the presence of cytokine A. 

Another embodiment of the invention is a recombinant polynucleotide encoding one or 

20 more of the above-described peptide chains. Yet another embodiment is a cell containing such 
a recombinant polynucleotide. The recombinant polynucleotide may be in the form of a 
recombinant expression vector. The cell may be a lymphocyte. 

Still another embodiment of the invention is a method of using a recombinant 
polynucleotide comprising a region encoding a first peptide chain, wherein the first peptide 

25 chain comprises an extracellular domain derived from cytokine receptor A-R mat binds cytokine 
A, joined, via a transmembrane domain, to a cytoplasmic domain derived from cytokine 
receptor B-R that binds cytokine B, wherein cytokine B is a cytokine that is normally required 
by a lymphocyte for growth and proliferation and wherein the chimeric receptor expressed in 
said lymphocyte lessens the growth dependency of the lymphocyte on cytokine B in the 

30 presence of cytokine A, the method comprising transforming a cell with the recombinant 
polynucleotide. 

Yet another embodiment of the invention is a cell produced by the above-described 
method, and progeny thereof. 



35 
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Brief Description of the Drawings 

Figure 1 is an illustration of a prototypic chimeric receptor that can be employed in the 
overall strategy of the present invention. 

Figure 2 is an illustration of a prototypic chimeric receptor in which the non-IL~2R 
5 extracellular domain is from a cytokine receptor that contains a single type chain, c-kit, 
attached to two different IL-2-derived intracellular domains. 

Figure 3 is a graph showing a trace of fluorescent scanning for surface expression of 
transfected receptors on CTLL2 cells. 

Figure 4 is a graph showing the effect of ligands on the proliferation of CTLL2 cells 
10 transfected with c-kit/IL-2R chimeras. 

Figure 5 is a schematic illustration of chimeric GM-CSF/IL-2 receptors. In the upper 
left, the extracellular region of the human GM-CSF-R a or & chains and the intracellular 
regions of human IL-2R/7 or EL-2R7 chains were used to construct chimeric receptors 
designated GM0/20 and GMa/2?, respectively (shown in the upper right); which undergo 
IS heterodimerization upon binding GM-CSF (shown in the lower portion of Figure 5). 

Figure 6 is a graph showing IL-2- and GM-CSF-induced proliferative responses of the 
parental (CTLL2) T cell line and of transfectants expressing GM0/20 or GMa/2?, or 
co-expressing GMfi/20 and GMa/2?. 

20 Detailed Description of the Invention 

The invention provides antigen specific lymphocytes that differ from the parental 
lymphocytes by the presence of a recombinant polynucleotide that encodes a chimeric receptor. 
The chimeric receptor enables the lymphocytes, to proliferate in response to an alternative 
cytokine, preferably a cytokine mat is expressed in the lymphocyte at elevated levels in 

25 response to cognate antigen stimulation, or a cytokine that could be administered with reduced 
toxicity relative to, e.g., IL-2. The chimeric receptor is a fusion of an extracellular region of 
one receptor (receptor A-R), via a transmembrane region, to an intracellular region of a second 
receptor (receptor B-R). As discussed below, the receptor may comprise one or more peptide 
chains. Binding of cognate cytokine to the extracellular region (derived from receptor A-R) 

30 delivers the signal normally associated with receptor B-R. Thus, for example, an activated 
CTL containing a chimeric GM-CSF:IL-2 receptor, as a result of the CTL production of GM- 
CSF would proliferate (in response to GM-CSF) in the presence of quantities of IL-2 tfcat 
would normally be limiting. Cytoplasmic domains of suitable receptors are chosen dependent 
upon the type of lymphocyte to be stimulated. For example, if the lymphocyte is a CTL, 

35 suitable cytoplasmic regions may be obtained from a receptor for a cytokine the lack of which 
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would limit proliferation in the absence of cytokines produced by T„-ceIls, for example, IL-2. 
Suitable receptor regions for the extracellular domains can be derived from a receptor 
recognizing a cytokine that is to be present in non-limiting quantities. For example, for CTLs, 
the receptors include those that bind granulocyte-macrophage colony stimulating factor (GM- 
5 CSF), IL-3, gamma-interferon (IFN-7) and tumor necrosis factor-beta (TNF-0). As is well 
known in the art, suitable transmembrane domains will exhibit characteristics such as 
hydrophobichy mat promote their stable incorporation into the cellular membrane. Logically, a 
convenient source of such a transmembrane domain will be the transmembrane domains of 
receptors A-R or B-R. Preferably, therefore, the transmembrane domain is derived from 
10 cytokine receptor A-R or, more preferably, from receptor B-R. However, a large variety of 
other transmembrane domains have been described in the art and these can also be used in the 
invention. 

A prototypical chimeric receptor is shown in Figure 1. The receptor consists of the 
extracellular region of a heterologous cytokine receptor, in the figure the GM-CSF receptor 

15 (GM-CSF-R), fused to the transmembrane and cytoplasmic regions of a cytokine receptor 

recognizing a cytokine mat in the absence of TV-cells is normally limiting, in the figure IL-2R. 
This receptor should bind the heterologous or alternative cytokine (in the figure GM-CSF) 
extracelluiarly but deliver the proliferative signal of the cytokine receptor whose cytoplasmic 
domain is used as part of the chimeric construct In the construct of Figure 1, it would be that 

20 of the IL-2R. The chimeric receptors may be expressed in the lymphocytes under the control 
of a constitutive promoter (PRcon), and therefore, always be present on the cell surface. 
Proliferation of the cells occurs when the cytokine recognized by the extracellular domain binds 
to the chimeric receptor. If the cytokine is made by the activated lymphocyte, activation 
creates an autocrine growth loop. In the alternative, it may be desirable to include in the 

25 chimeric receptor extracellular domain a receptor fragment that recognizes a cytokine that may 
be furnished as part of a therapeutic regimen. It may alternatively be desirable to use a 
promoter that is subject to induction or repression. A variety of such promoters are known in 
the art 

•Lymphocytes" as used herein, are spherical cells with a large round nucleus (which 
30 may be indented) and scanty cytoplasm. They are cells that specifically recognize and respond 
to non-self antigens, and are responsible for development of specific immunity. Included 
within "lymphocytes" are B-lymphocytes and T-lymphocytes of various classes. 

"Cytotoxic T lymphocytes" or "CTLs" are T ceils which bear the CD3 cell surface 
determinant and mediate the lysis f target cells bearing cognate antigens. CTLs may be of 
35 either the CD8+ or CD4* phenotype. CTLs are generally antigen-specific and MHC-restricted 
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in that they recognize antigenic peptides only in association with the Major Histocompatibility 
Complex (MHQ molecules on the surface of target cells. CTLs may be specific for a wide 
range of viral, tumor or allospecific antigens, including HIV, EBV, CMV and a wide range of 
tumor antigens. Some CTLs, however, may not be antigen specific, for example, some cloned 
5 CTLs can be induced to lose some of their specificity for their cognate antigen by culture in 
abnormally high concentrations of IL-2 (Brooks et al., Immunol. Rev. 72:43, 1983). 

A "T H -independent" CTL is, relative to the CTL from which it was derived, capable of 
enhanced growth or proliferation in the presence of limiting quantities of CD4* T helper Oh) 
cells and/or a cytokine normally required for proliferation or growth. Growth or proliferation 
10 may be measured, for example, by any in vitro proliferation or growth assay or by any assay 
measuring the ability of the CTL to persist in vivo. Specific examples of suitable assays are 
disclosed infra. CTLs capable of enhanced growth or viability may have augmented ability to 
destroy target cells bearing the foreign antigens or provide long-term immunologic memory. 

"Cytokine" refers to a polypeptide that is a soluble intercellular signalling molecule, 
IS including for example, the interleukins, interferons, colony stimulating factors and TNFs. 

The term "polypeptide* refers to a polymer of amino acids and does not refer to a 
specific length of the product; thus, peptides, oligopeptides, and proteins are included within 
the definition of polypeptide. This term also does not refer to or exclude post-expression 
modifications of the polypeptide, for example, glycosylations, acetylations, phosphorylations 
20 and the like. Included within the definition are, for example, polypeptides containing one or 
more analogs of an amino acid (including, for example, unnatural amino acids, etc.), 
polypeptides with substituted linkages, as well as the modifications known in the art, both 
naturally occurring and non-natural ly occurring. 

"Transformation", as used herein, refers to the insertion of an exogenous 
25 polynucleotide into a host cell, irrespective of the method used for the insertion, for example, 
direct uptake, transduction, f-mating or dectroporation. The exogenous polynucleotide may be 
maintained as a non-integrated vector, for example, a plasmid, or alternatively, may be 
integrated into the host cell genome. 

"Treatment" as used herein refers to prophylaxis and/or therapy. 
30 "Helper T cells" or "helper cells" or T„-ceHs" are a functional subclass of T cells 

which can help to generate cytotoxic T cells and cooperate with B cells in the production of an 
antibody response. Helper cells usually recognize antigen in association with class II MHC 
molecules. 
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An "antigen specific T cell clone" is comprised of the progeny of a single cell; the cells 
in this type of clone are of the same phenotype and are all targeted towards the same antigen. 
Methods of preparing antigen-specific T cell clones are known in the art. 

The term "recombinant expression vector" refers to a replicable unit of DNA or RNA 
5 in a form which is capable of being introduced into a target cell by transformation, 
eiectroporation, transduction or viral infection, and which codes for the expression of a 
heterologous structural coding sequence, for example, a cytokine, which is transcribed into 
mRNA and translated into protein under the control of elements having a regulatory role in 
gene expression. Such vectors will preferably also contain appropriate transcription and 
10 translation initiation and termination sequences. 

"Recombinant," as used herein, means that a particular DNA sequence is the product of 
various combinations of cloning, restriction, and ligation steps resulting in a construct having a 
structural coding sequence distinguishable from homologous sequences found in natural 
systems. Generally, DNA sequences encoding the structural coding sequence, for example 
IS cytokines, can be assembled from cDNA fragments and short oligonucleotide linkers, or from a 
series of oligonucleotides, to provide a synthetic gene which is capable of being expressed in a 
recombinant transcriptional unit Such sequences are preferably provided in the form of an 
open reading frame uninterrupted by internal nontranslated sequences, or introns, which are 
typically present in eukaryotic genes. Genomic DNA containing the relevant sequences could 
20 also be used. Sequences of non-translated DNA may be present S* or 3* from the open reading 
frame, where such sequences do not interfere with manipulation or expression of the coding 
regions. 

"Recombinant host cells", "host cells 11 , "cells", "cell lines", "cell cultures", and other 
such terms denoting microorganisms or higher eukaryotic cell lines cultured as unicellular 

25 entities refer to cells which can be, or have been, used as recipients for recombinant vectors or 
other transfer polynucleotides, and include the progeny of the original cell which has been 
transfected. It is understood that the progeny of a single cell may not necessarily be completely 
identical in morphology or in genomic or total DNA complement as the original parent, due to 
natural, accidental, or deliberate mutation. 

30 A CTL is "cytolytically specific for" cells expressing tumor or viral antigens if the CTL 

is capable of selectively recognizing and lysing the cells bearing the tumor or viral antigen. A 
CTL is "cytolytically reactive against" cells expressing tumor or viral antigens if the CTL is 
capable of lysing the cells bearing the tumor or viral antigen, without regard to its ability to 
selectively recognize such cells. 
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" Antigen specific expression" refers to expression that occurs when the T cell 
recognizes its cognate antigen. 

"Cognate antigen" refers to antigen, a peptide of which is associated with an MHC 
molecule, such that it forms a ligand that binds to a lymphocyte that recognizes it and causes 
5 triggering of signals for the effector function of the cell and/or for proliferation. 

An "activated lymphocyte" is one that as a result of binding of a cognate antigen is 
producing polypeptide factors (including, for example, cytokines) at a level that is elevated 
relative to the lymphocyte without the bound cognate antigen. 

A "transcriptional regulatory region" encompasses all the elements necessary for 
10 transcription, and may include elements necessary for regulation. Thus, a transcriptional 
regulatory region includes at least the promoter sequence, and may also include other 
regulatory sequences such as enhancers, and transcription factor binding sites. 

"Operably linked" refers to a juxtaposition wherein the components so described are in 
a relationship permitting them to function in their intended manner. For instance, a promoter is 
15 operably linked to a coding sequence if the promoter affects its transcription or expression. 

The term "recombinant" polynucleotide or nucleic add refers to one which is not 
naturally occurring, or is made by the artificial combination of two otherwise separated 
segments of sequence. This artificial combination is often accomplished by either chemical 
synthesis means, or by the artificial manipulation of isolated segments of nucleic adds, e.g., by 
20 genetic engineering techniques. Such is usually done to replace a codon with a redundant 

codon encoding the same or a conservative amino acid, while typically introducing or removing 
a sequence recognition she. Alternatively, it is performed to join together nudeic acid 
segments of desired functions to generate a desired combination of functions. 

The "sense strand" of a nudeic add contains the sequence that has sequence homology 
25 to that of the cognate mRNA. The "anti-sense strand" contains a sequence which is 
complementary to mat of the "sense strand". 

An "individual" as used herein refers to vertebrates, particularly members of the 
mammalian spedes, and includes but is not limited to domestic animals, sports animals, and 
primates, including humans. 
30 The practice of the present invention will employ, unless otherwise indicated, 

conventional techniques of molecular biology, microbiology, recombinant DNA, and 
immunology, which are within the skill of the art Such techniques are explained fully in the 
literature. e.g., Sambrook, Fritsch, and Maniatis, MOLECULAR CLONING: A 
LABORATORY MANUAL, Second Edition (1989), OLIGONUCLEOTIDE SYNTHESIS 
35 (MJ. Gait Ed., 1984), ANIMAL CELL CULTURE (R.I. Freshney, Ed., 1987), the series 
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METHODS IN ENZYMOLOGY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR 
MAMMALIAN CELLS (J.M. MUler and M.P. Calos eds. 1987), HANDBOOK OF 
EXPERIMENTAL IMMUNOLOGY, (D.M. Weir and C.C. Blackwell, Eds.), CURRENT 
PROTOCOLS IN MOLECULAR BIOLOGY (F.M. Ausubel, R. Brent, R.E. Kingston, D.D. 
5 Moore, J.G. Siedman, J. A. Smith, and K. Struhl, eds., 1987), and CURRENT PROTOCOLS 
IN IMMUNOLOGY (LB. Coligan, A.M. Kruisbeek, D.H. Margulies, E.M. Shevach and W. 
Strober, eds., 1991). All patents, patent applications, and publications mentioned herein, both 
supra and infra, are hereby incorporated herein by reference. 

The design of some of the chimeric receptors of the invention is as follows, and uses 

10 the IL-2R as an illustration. The IL-2R, including human IL-2R, is comprised of three chains, 
two of which (fi and y) are required for signal transduction. (See Hatakeyama et at. (1989), 
Science 244:379-382; and Takeshtta et al. (1992), Science 251:551-556, for the coding 
sequences and description of functionality of the IL-2R 0 and 7 chains; see also, Nelson, B.H. 
et al. (1994) Nature (in press)). Thus, a given chimeric receptor is comprised of two chains 

15 containing three regions or domains: cytoplasmic, transmembrane, and extracellular. As will 
be apparent, the transmembrane domain may conveniently be derived from the same source as 
the cytoplasmic or the extracellular domain, but transmembrane domains from other sources 
can likewise be used. In an example based on IL-2, one chain of the chimeric receptor has an 
IL-2R 0 chain transmembrane region and cytoplasmic region while the other chain has a 7 

20 chain transmembrane region and cytoplasmic region. The number of chain types in the 
extracellular region of the chimeric receptor depends on the heterologous cytokine receptor 
selected to contribute to this domain. For example, hetero-oligomeric type cytokine receptors 
(for example, IL-2R, IL-3R, IL-5R, IFN-7-R, GM-CSF-R and IL-6-R) require at least two 
distinct subunit types to form a high affinity receptor. The IL-4 and IL-7 receptors are also 

25 hetero-oligomeric type receptors in that they have been reported to utilize a second (7) chain 
for signalling, which 7 chain appears to be the same as that of the IL-2 receptor. (See, e.g., 
Kondo, M., et al. (1993), Science 262:1874-1877), Other types of cytokine receptors have 
high affinity ligand binding by itself (i.e. monomelic) or form a high affinity receptor as a 
homodimer or homo-oligomer (e.g., c-kit-R, TNF-R, Epo-R and G-CSF-R). A discussion of 

30 the properties and coding sequences of a number of cytokine receptors is found in a review by 
Miyajima et al. (1992), Ann. Rev. Immunol. 10:295:331. 

Figure 2 illustrates the design of a prototypic chimeric receptor in which the non-IL-2R 
extracellular domain is from a cytokine receptor that contains a single type chain, for example, 
c-kit The figure illustrates the normal c-kit on the left and the normal IL-2R p and 7 chains 

35 on the right The middle of the drawing shows a two-chain chimeric receptor containing the 



WO 94/22914 



PCT/US94/03769 



-12- 

extracellular region of c-kit fused to the transmembrane and cytoplasmic region of the IL-2R /3 
chain (k:0) and of the y chain (k:>). Other examples of this type of construct can be formed 
using extracellular domains from other one chain type receptors, e.g., TNF-R and G-CSF-R. 
An illustration of another type of prototypic chimeric receptor is shown in the inset of 
5 Figure 1 . In this illustration the non-IL-2R extracellular domain is from a cytokine receptor 
that contains two types of chains, for example, GM-CSF-R. In the figure, the extracellular 
region of the a-subunit of GM-CSF-R is fused to the transmembrane region and cytoplasmic 
region of the y chain of IL-2R; the extracellular region of the 0-subunit of GM-CSF-R is fused 
to the transmembrane region and cytoplasmic region of the 0 chain of IL-2R. See also, the 

10 illustration in Figure 5. 

Preferred examples of chimeric receptors contain the cytoplasmic and transmembrane 
regions of the human IL-2R 0 and 7 chains and extracellular domains derived from the 
following receptors: human and murine GM-CSF-R; human and murine IFN7-R; human and 
murine IL-3R; human and murine G-CSF-R; human and murine IL-4R; human and murine IL- 

15 7R; human and murine c-kit-R; and human and murine Epo-R. 

The chimeric receptors may be constructed from cDNAs encoding the desired 
segments, although other methods are readily apparent to those of ordinary skill in the art In 
one method, for example, the chimeric receptor DNA is prepared by providing cloned cDNAs 
encoding the upstream extracellular region from a heterologous cytokine receptor and the 

20 downstream IL-2R transmembrane and cytoplasmic domains. These cloned cDNAs, if prepared 
by restriction enzyme digestion, may contain unwanted sequences that would intervene in the 
fusion. The unwanted sequences are removable by techniques known to those of ordinary skill 
in the art, including loop-out site-directed mutagenesis or splice-overlap extension polymerase 
chain reaction (PCR). Hie sequence of the chimeric cDNA encoding the receptor may then be 

25 confirmed by standard DNA sequencing methods. Specific examples of such chimeric 
receptors are illustrated , in more detail below. 

^~~"~~The polynucleotide region encoding the chimeric receptors are generally operably 
linked to control regions that allow expression of the chimeric receptor in a host cell, 
particularly a CTL. Control regions include, at least, a promoter and a ribosomal binding site, 
30 and may also include, inter alia, enhancer regions, splice regions, polyadenylation regions, 
transcription and/or translation termination regions, and transcription and/or translation factor 
binding sites. These control regions may be present in recombinant vectors, particularly in 
recombinant expression vectors. 

The ability of the chimeric receptor to support proliferation of the activated CTL is 
35 readily demonstrated by techniques known in the art. For example, activated cell lines that 
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express the chimeric receptors can be tested for growth in the absence of the cytokine whose 
signal is normally associated with the cytoplasmic domain portion of the receptor, but in the 
presence of the cytokine recognized by the extracellular domain cytokine receptor portion of the 
chimeric construct. 

5 The invention contemplates transforming lymphocytes with at least one type of chimeric 

receptor to lessen the dependence upon at least one cytokine. However, it is also within the 
invention to transform lymphocytes with multiple forms of chimeric receptors that may, for 
example, regulate the lessened dependency on a cytokine, and/or lessen and/or regulate the 
dependency on two or more cytokines. 
10 Techniques for nucleic acid manipulation are described generally, for example, in 

Sambrook et al. (1989), supra., Ausubel et al. (1987), supra, and in Annual Reviews of 
Biochemistry (1992) £1:131-156. Reagents useful in applying such techniques, such as 
restriction enzymes and the like, are widely known in the art and commercially available from a 
number of vendors. 

15 * Large amounts of the polynucleotides used to create the cells of the present invention 
may be produced by replication in a suitable host cell. The natural or synthetic polynucleotide 
fragments coding for a desired fragment may be incorporated into recombinant nucleic acid 
constructs, typically polynucleotide constructs, capable of introduction into and replication in a 
prokaryotic or eukaryotic cell. Usually the constructs will be suitable for replication in a 

20 unicellular host, such as yeast or bacteria, but may also be intended for introduction to, with 
and without and integration within the genome, cultured mammalian or plant or other 
eukaryotic cell lines. Purification of nucleic acids produced by the methods of the present 
invention can be achieved by methods known in the art and described, e.g., in Sambrook ej al. 
(1989) and Ausubel et al. (1987). 

25 The polynucleotides used in the present invention may also be produced in part or in 

total by chemical synthesis, e.g., by the pbosphoramidite method described by Beaucage and 
Carruthers (1981) Tetra. Letts. 22:1859-1862 or the triester method according to Matteucci ej 
M. (1981) J. Am. Oierru Soc. j£2:3185, and may be performed on commercial automated 
oligonucleotide synthesizers. A double-stranded fragment may be obtained from the single 

30 stranded product of chemical synthesis either by synthesizing the complementary strand and 
annealing the strand together under appropriate conditions or by adding the complementary 
strand using DNA polymerase with an appropriate primer sequence. 

Polynucleotide constructs prepared for introduction into a prokaryotic or eukaryotic host 
cell for replication will typically comprise a replication system recognized by the host, 
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including the intended recombinant polynucleotide fragment encoding the desired polypeptide. 
Such vectors may be prepared by means of standard recombinant techniques well known in the 
art and discussed, for example, in Sambrook ej a]. (1989) or Ausubel £ aj. 

Preferably, the polynucleotide construct will contain a selectable marker, a gene 



5 encoding-a-protein necessary for the survival or growth of a host cell transformed with the 




vector. The presence of mis gene ensures the growth of only those 
^inserts.^Typical selection genes encode proteins that (a) confer resistance to antibiotics or other 

twic^substances, e.g. ampicillin, neomycin, methotrexate, etc.; (b) complement auxotrophic 

deficiencies, orTcTsupply critical nutrients not available from complex media, e.g. the gene 
10 encodirifD-alanine racemase for Bacilli . The choice of the properjelectable marker will 

depend on the host cell, and appropriate markers for different hosts are well known in the art 
The polynucleotides conferring T H -independence upon CTLs (i.e., a lowered 

dependence upon Tn-cells or one or more cytokines furnished by T H cells) may be introduced 

into the desired type Ag-specific T cell by means known in the art, including, for example, 
15 transformation, electroporation, lipofection, and transduction, including the use of 

adenoassociated viral (AAV) vectors, and particularly using methods of retroviral gene transfer 

known in the art 

Various infection techniques have been developed which utilize recombinant infectious 
virus particles for gene delivery. This represents a preferred approach to the present invention. 

20 The viral vectors which have been used in this way include virus vectors derived from simian 
virus 40 (SV40; Karlsson et at, Proc. Natl. Acad. Sci. USA 84 82:158, 1985), adenoviruses 
(Karlsson et at, EMBO J. 5:2377, 1986), adeno-associated virus (AAV) (BJ. Carter, Current 
Opinion in Biotechnology 1992, 2:533-539), and retroviruses (Coffin, 1985, pp. 17-71 in Weiss 
et al. (eds.), RNA Tumor Viruses, 2nd ed„ Vol. 2, Cold Spring Harbor Laboratory, New 

25 York). Thus, gene transfer and expression methods are numerous but essentially function to 
introduce and express genetic material in mammalian cells. Several of the above techniques 
have been used to transduce hematopoietic or lymphoid cells, includ ing calc ium phosphate 
transfection (Berman et al., supra, 1984), protoplast fusion (Deans et al., supra, 1984)" 
electroporation (Cann et al., Oncogene 3:123, 1988), and infection with recombinant 

30 adenovirus (Karlsson et al., supra; Reuther et al., Mol. Cell. Biol. 6:123, 1986), adeno- 
associated virus (LaFace et al., supra) and retrovirus vectors (Overall et al., Oncogene 4:1425, 
1989). Primary T lymphocytes have been successfully transduced by electroporation (Cann et 
al., supra, 1988) and by retroviral infection (Nishihara et al., Cancer Res. 48:4730, 1988; 
Kasid et al., supra, 1990; and Riddell, S. et al., Human Gene Therapy 3:319-338, 1992). 
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S Retroviral vectors provide a highly efficient method for gene transfer into eukaryotic 
/ cells and is the preferred method for the delivery of the polynucleotides of the invention into 
\ the Tirdependem CTLs. Moreover, retroviral integration takes place in a controlled fashion 
\ and results in the stable integration of one or a few copies of the new genetic information per 
5/ cell. 

^ Retroviruses are a class of viruses which replicate using a virus-encoded, RNA-directed 

DNA polymerase, or reverse transcriptase, to replicate a viral RNA genome to provide a 
double-stranded DNA intermediate which is incorporated into chromosomal DNA of an avian 
or mammalian host cell. Most retroviral vectors are derived from murine retroviruses. 

10 Retroviruses adaptable for use in accordance with the present invention can, however, be 
derived from any avian or mammalian cell source. These retroviruses are preferably 
amphotropic, meaning that they are capable of infecting host cells of several species, including 
humans. A characteristic feature of retroviral genomes (and retroviral vectors used as 
described herein) is the retroviral long terminal repeat, or LTR, which is an untranslated region 

15 of 'about 600 base pairs found in slightly variant forms at the 5* and 3* ends of the retroviral 
genome. When incorporated into DNA as a provirus, the retroviral LTR includes a short direct 
repeat sequence at each end and signals for initiation of transcription by RNA polymerase II 
and 3' cleavage and polyadenylation of RNA transcripts. The LTR contains all other dj-acting 
sequences necessary for viral replication. 

20 A "provirus' 1 refers to the DNA reverse transcript of a retrovirus which is stably 

integrated into chromosomal DNA in a suitable host cell, or a cloned copy thereof, or a cloned 
copy of unintegrated intermediate forms of retroviral DNA. Forward transcription of the 
provirus and assembly into infectious virus occurs in the presence of an appropriate helper 
virus or in a cell line containing appropriate sequences enabling encapsidation without 

25 coincident production of a contaminating helper virus. Mann et al. (Cell 33:153, 1983) 
describe the development of cell lines (e.g., 92) which can be used to produce helper-free 
stocks of recombinant retrovirus. These cells lines contain integrated retroviral genomes which 
lack sequences required in cis for encapsidation, but which provide alt necessary gene product 
in trans to produce intact virions. The RNA transcribed from the integrated mutant provirus 

30 cannot itself be packaged, but these cells can encapsidate RNA transcribed from a recombinant 
retrovirus introduced into the same cell. The resulting virus particles are infectious, but 
replication-defective, rendering them useful vectors which are unable to produce infectious 
virus following introduction into a cell lacking the complementary genetic information enabling 
encapsidation. Encapsidation in a cell line harboring mznr-acting elements encoding an 
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ecotropic viral envelope (e.g., ¥2) provides ecotropic (limited host range) progeny virus. 
Alternatively, assembly in a cell line containing amphotropic packaging genes (e.g., PA317, 
ATCC CRL 9078; Miller and Buttimore, Mol. Cell. Biol. 6:2895, 1986) provides amphitropic 
(broad host range) progeny virus. Such packing cell lines provide the necessary retroviral gag, 
5 pol and env proteins in trans. This strategy results in the production of retroviral particles 
which are highly infectious for mammalian cells, while being incapable of further replication 
after they have integrated into the genome of the target cell. The product of the env gene is 
responsible for the binding of the retrovirus to viral receptors on the surface of the target cella 
nd therefore determines the host range of the retrovirus. The PA 317 cells produce retroviral 

10 particles with an amphotropic envelope protein, which can transduce cells of human and other 
species origin. Other packaging cell lines produce particles with ecotropic envelope proteins, 
which are able to transduce only mouse and rat cells. 

Numerous retroviral vector constructs have been used successfully to express many 
foreign genes (see, e.g„ Coffin, in Weiss et al. (eds. ), RNA Tumor Viruses, 2nd ed., vol. 2 

15 (Cold Spring Harbor Laboratory, New York, 1985, pp. 17-71). Retroviral vectors with 

inserted sequences are generally functional, and few sequences that are consistently inhibitory 
for retroviral infection have been identified. Functional polyadenylation motifs inhibit 
retroviral replication by blocking retroviral RNA synthesis, and there is an upper size limit of 
approximately 1 1 kb of sequence which can be packaged into retroviral particles (Coffin, supra, 

20 1985); however, the presence of multiple internal promoters, initially thought to be problematic 
(Coffin, supra, 1985), was found to be well tolerated in several retroviral constructs (Overell et 
al., Mol. Cell. Biol. 8:1803, 1983). 

Retroviral vectors have been used as genetic tags by several groups to follow the 
development of murine hematopoietic stem cells which have been transduced in vitro with 

25 retrovirus vectors and transplanted into recipient mice (Williams et al., Nature 310:476, 1984; 
Dick et al., Cell 42:71, 1985; Keller et al., Nature 318:149, 1985). These studies have 
demonstrated that the infected hematopoietic cells reconstitute the hematopoietic and lymphoid 
tissue of the recipient animals and that the cells display a normal developmental potential in 
vivo. The marked cells can be visualized using any of a number of molecular biological 

30 techniques which can demonstrate the presence of the retroviral vector sequences, most notably 
Southern analysis and PCR (polymerase chain reaction). The ability to mark cells genetically 
using retroviral vectors is also useful in clinical settings in which the technique can be used to 
track grafts of autologous cells. This approach has already been used to track TILs (tumor- 
infiltrating lymphocytes) in patients given TIL therapy for terminal cancer treatment by 
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Rosenberg et al. (N. Engl. J. Med. 323:570, 1990). The transduction of these cells with the 
marker gene was not associated with in vitro cellular dysfunction (Kasid et al., Proc. Natl. 
Acad. Sci. USA 87:473, 1990). 

Many gene products have been expressed in retroviral vectors. This can either be 
5 achieved by placing the sequences to be expressed under the transcriptional control of the 
promoter incorporated in the retroviral LTR, or by placing them under the control of a 
heterologous promoter inserted between the LTRs. The latter strategy provides a way of i 
coexpressing a dominant selectable marker gene in the vector, thus allowing selection of cells 
which are expressing specific vector sequences. 

10 It is contemplated that overexpression of a stimulatory factor (for example, a 

lymphokine or a cytokine) may be toxic to the treated individual. Therefore, it is within the 
scope of the invention to include gene segments that cause the T cell clones of the invention to 
be susceptible to negative selection in vivo. By "negative selection" is meant that the infused 
cell can be eliminated as a result of a change in the in vivo condition of the individual. The 

15 negative selectable phenotype may result from the insertion of a gene oat confers sensitivity to 
an administered agent, for example, a compound. Negative selectable genes are known in the 
art, and include, inter alia the following: the Herpes simplex virus type I thymidine kinase 
(HSV-I TK) gene (Wigler a al., Cell 11:223, 1977) which confers ganciclovir sensitivity; the 
cellular hypoxanthine phosphribosyltransferase (HPRT) gene, the cellular adenine 

20 phosphoribosyltransferase (APRT) gene, bacterial cytosine deaminase, (Mullen £ al-, Proc. 
Natl. Acad. Sci. USA. 89:33 (1992)). 

In addition, it is useful to include in the T cells a positive marker that enables the 
selection of cells of the negative selectable phenotype in vitro. The positive selectable marker 
may be a gene which, upon being introduced into the host cell expresses a dominant phenotype 

25 permitting positive selection of cells carrying the gene. Genes of mis type are known in the 
art, and include, inter alia, hygromycin-B phosphotransferase gene (hph) which confers 
resistance to hygromycin B, the aminoglycoside phosphotransferase gene (neo or aphj from 
Tn5 which codes for resistance to the antibiotic G418, the dihydrofolate reductase (DHFR) 
gene, the adenosine daminase gene (ADA), and the multi-drug resistance (MDR) gene. 

30 Preferably, the positive selectable marker and the negative selectable element are linked 

such that loss of the negative selectable element necessarily also is accompanied by loss of the 
positive selectable marker. Even more preferably, the positive and negative selectable markers 
are fused so that loss of one obligatorily leads to loss of the other. An example of a fused 
polynucleotide that yields as an expression product a polypeptide that confers both the desired 
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positive and negative selection features described above is a hygromycin phosphotransferase 
thymidine kinase fusion gene (HyTK). Expression of this gene yields a polypeptide that 
confers hygromycin B resistance for positive selection in vitro, and ganciclovir sensitivity for 
negative selection in vivo. See Lupton S.D., ej a!» *fo/. and Cell. Biology 11:3374-3378, 
5 1991. In addition, in preferred embodiments, the polynucleotides of the invention encoding the 
chimeric receptors are in retroviral vectors containing the fused gene, particularly those that 
confer hygromycin B resistance for positive selection in vitro, and ganciclovir sensitivity for 
negative selection in vivo, for example the HyTK retroviral vector described in Lupton, S.D. et 
al. (1991), supra. See, also, the description of Bifunctional Selectable Fusion Genes by 

10 Lupton, S.D., WO 92/08796 (international publication date 29 May 1992). 

The lymphocyte clones of the invention may be used to confer immunity to individuals. 
By "immunity" is meant a lessening of one or more physical symptoms associated with a 
response to infection by a pathogen, or to a tumor, to which the lymphocyte response is 
directed. The amount of cells administered is usually in the range present in normal individuals 

15 with immunity to the pathogen. Thus, CD8+ CD4- cells are usually administered by infusion, 
with each infusion in a range of at least 10 6 to 10* cells/m 2 , preferably in the range of at least 
10 7 to 10? cells/m 2 . The clones may be administered by a single infusion, or by multiple 
infusions over a range of time. However, since different individuals are expected to vary in 
responsiveness, the type and amount of cells infused, as well as the number of infusions and the 

20 time range over which multiple infusions are given are determined by the attending physician or 
veterinarian, and can be determined by routine examination. 

The examples presented below are provided as a further guide to the practitioner of 
ordinary skill in the art, and are not to be construed as limiting the invention in any way. 

25 

Example l 

Construction of c-kit:IL-2Rfl 
An Xhol-BamHl fragment of human IL-2R0 cDNA encompassing most of the 
extracellular coding region and the entire transmembrane and cytoplasmic regions was cloned 
30 into the Xhol and BamHl sites of a modified version of the plasmid pBluescript SK- 

(Stratagene) in which the Not 1 -Sac 1 region had been cleaved out, blunt-ended and religated. 
(Human IL-2R0 cDNA (see, e.g., Hatakeyama, M., et al. (1989), Science 244:551-556) was 
provided by Tada Tanigucfai, Osaka, Japan.) This plasmid was then digested with Kpnl and 
Hindi, and the 199 bp fragment was replaced with a 1995 bp Kpnl-blunted Apal fragment of 
35 murine c-kit cDNA encompassing the entire extracellular and transmembrane coding regions 
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and a portion of the cytoplasmic coding region. (Murine c-kit cDNA (see, e.g., Qiu, F. et al. 
(1988) EMBO J. 7:1003-101 1) was provided by Stewart Lyman, Immune* Corp., Seattle, 
Washington.) The resultant plasmid, pBK0, thus had most of the c-kit cDNA upstream of most 
of the IL-2R0 cDNA. The fusion was completed by site-directed looping-out mutagenesis. A 
5 uracil -containing single-stranded form of this plasmid was prepared using a Muta-Gene 

Phagemid In Vitro Mutagenesis kit (BioRad) according to the manufacturer's instructions. This 
was annealed to a fusion primer with the sequence: 5* GCC GAG CCA CGG AAT GTG GGC 
CTG GAT TTG 3*. Second strand synthesis, ligation, and transformation of E. coli with the 
annealed product was carried out according to the manufacturer's instructions. The resulting 

10 plasmid in which the unwanted intervening cDNA sequences had been successfully removed 
was digested with Hindi and Sad and the 859 bp fragment encompassing the fusion site was 
cloned back into the parent plasmid, pBK0 which had been similarly digested. Ibis last step 
minimized the amount of cDNA sequence that had been through the mutagenesis steps, which 
are error-prone. The sequence of the final plasmid, pBk£-EX, was confirmed by standard 

IS DNA sequencing methods. 

A 2524 bp Kpnl (blunted>BamHl (partial digest) fragment from pBk0-EX that 
encompassed the entire coding region of the k:0 chimeric cDNA was cloned into the expression 
vector pH0APr-l-neo (Gunning, P. et al. (1987), P.N.A.S. 84:4831-4835) which had been 
digested with Sail (blunted) and BamHl. This plasmid, called pNk/S, was then transfected into 



20 cells. 




Example 2 
Construction of c-Mt:IL-2R^ 
A fragment of human IL-2R? cDNA fTakeshita, T. et al. (1992), Science 257:379-382) 
25 was PCR amplified from second strand cDNA derived from the human T cell clone 2D5 using 
the primers 5* CCGTTGAC CCC ACT CTG TGG AAG TGC 3' and 5' CCGGATCC GGC 
TAC AGG ACC CTG GGG 3* (the underlined bases encode restriction enzyme sites). The 
product was then cloned into the Hindi and BamHl sites of the modified pBluescript SK- 
plasmid described above and was subjected to DNA sequencing. This plasmid was then 
30 digested with Kpnl and Hindi, and the 199 bp fragment was replaced with a 1995 bp Kpnl- 
blunted Apal fragment of murine c-kit cDNA encompassing the entire extracellular and 
transmembrane coding regions and a portion of the cytoplasmic coding region. The resultant 
plasmid, pBfry, thus had most of the c-kit cDNA upstream of most of the IL-2R? cDNA. The 
fusion was completed by PCR splice-overlap extension. The portion of the plasmid encoding 
35 the c-kit extracellular region was amplified by PCR using primers A (CCG AGC ACC AGC 
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AGT GG) and B (TGC AAA CAG GAA AGG nTP, GGC CTG GAT TTG). The underlined 
region of primer B is actually complementary to the transmembrane region of IL-2R?. The 
IL-2Ry transmembrane and cytoplasmic coding regions were amplified from pBk? by PCR 
using primers C (CAA ATC CAG GCC CAC CCT TTC CTG TTT GCA) and D 
5 (CCGGATCC GGG GTT CAG GTT TCA GGQ. Note that primer C is entirely 

complementary to primer B, and together they encode the desired fusion site. The products of 
these two PCR reactions were men combined in a single tube where they served as substrates in 
a third PCR reaction using primers A and D. The complementarity of primers B and C allows 
the products of the first two PCR reactions to anneal to each other and generate an overlap- 

10 extended template. The product of the third PCR reaction thus encoded a chimeric cDNA with 
the desired fusion site and extending from the annealing site of primer A to that of primer D. 
This product was then digested with BstXl and Pstl to generate an 879 bp fragment that was 
cloned back into pBk7, which had been similarly digested. The sequence of the final plasmid, 
pBky-EX, was confirmed by standard DNA sequencing methods. 

15 ' A 1977 bp Kpnl (blunted>BamHl (partial digest) fragment from pBk^-EX mat 

encompassed the entire coding region of the k.7 chimeric cDNA was cloned into the expression 
vector pHj?APr-l-hygro which bad been digested with Sail (blunted) and BamHl (the 
expression vector pH/SAPr-l-hygro contains the hygromycin sequence derived from RSV.5 
(Long, E.O. et al. (1991) Human Immunology 31:229-235) cloned into the expression vector 

20 pH/SAPr-l-neo, described above). The resulting plasmid, called pHk?, was men transfected 
into cells. 



Example 3 

Construction of nNkit 

25 Hie cDNA encoding wild type murine c-kit was cloned into the expression vector 

pH0aPr-l-neo by ligating a blunt-ended 2970 bp Kpnl-Notl fragment containing the entire c-kit 
coding region into pH£APr-l-neo which had been digested with HindHl, blunt-ended and 
dephosphorylated. 



30 Example 4 

Modification of cytokine dependence 
in a cytotoxic T Ivmnhocvte cell line 

Expression in T cells 

T cells are transfected with plasmids encoding the chimeric receptor, and drug-resistant 
35 cell lines selected. To test for expression of the chimeric receptors, drug-resistant cell lines are 
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stained with antibody that recognizes the extracellular region and are scanned by flow 
cytometry. Expression can also be detected by Western blotting. 

Cell lines that express the chimeric receptors are tested for growth in response to the 
cognate alternative cytokine (i.e., the one recognized by the extracellular domain of the 
5 chimeric receptor) in the presence of limiting amounts of the cytokine normally required for 
growth and/or proliferation, e.g., IL-2. 

T cell transfections 

Plasmids were linearized by digestion with EcoRl (for pNk£ and pNkit) or Xmnl (for 
10 pHk?) and then purified by phenol-chloroform extraction followed by ethanol precipitation. 
They were resuspended in distilled water to a concentration of 1 microgram per microliter. 

10 million CTLL2 cells were washed once with PBS and then resuspended in 
0.8 ml PBS. Twenty-five micrograms of linearized plasmid was added, and the cells left at 
room temperature for 10 minutes. Doubly transfected cells (i.e. pNk£ and pHky) received 25 
15 micrograms of each plasmid. The cells were men placed in a cuvette and electroporated at 
250V. 1080 pF for one second at room temperature. The cells were then placed in complete 
media (Click's + 10% FCS, 1% glutamine, 1% pen-strep) at 37°C for 16-20 hours. At this 
time, the cells were spun down, resuspended in fresh media and incubated at 37 °C for 24 
additional hours. Forty-eight hours post-transfection, cells were selected by the addition of 
20 neomycin (1 mg/ml) for groups pNkit, pNk£ + pHk? or hygromycin B (0.5 mg/m!) for the 
pHk? group. Drug- resistant cell lines typically grew out in one to two weeks. In the case of 
the pNk/3 + pHk? cells, the neomycin resistant line was then further selected by removing IL-2 
and adding recombinant murine stem cell factor (200 ng/ml) to the cultures. 



25 Flow cytometry; 




500,000 to one million cells were washed twice in staining solution (Hank's media 
containing 2% fetal calf serum) and resuspended in 0.1 ml staining solution. One microgram 
of the monoclonal antibody ACK-2 (Gibco/BRL) which recognizes the extracellular region of 
murine c-kit was added and the cells were left on ice for 30 minutes. After one wash with 

30 staining solution, the cells were resuspended in 0.1 ml staining solution containing a 

fluorescein-conjugated goat anti-rat secondary antibody (Tago immunochemicals) and left on ice 
for thirty minutes. After one wash in staining solution the cells were resuspended in 0.25 ml 
0.5% paraformaldehyde. 

The fluorescent intensity of the cells was measured using a Becton-Dickinson FACS 

35 Scanner. 
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Proliferation assav: 

CTLL2 lines were washed twice in RPM1 and resuspended in complete medium 
(Click's +10% FCS, 1 % glutamine, i % pen-step) at a concentration of 20,000 per ml. Cells 
were plated in flat-bottom 96-well plates, 0.2 ml per well, with either no added cytokines, or 
5 recombinant human IL-2 (100 units./ml), or recombinant murine stem cell factor (200 ng/ml) 
and incubated at 37 °C for 20 hours. Then 2.5 microcuries of tritiated thymidine was added 
and the incubation continued for an additional 4 hours. Cells were harvested, placed in 
scintillation fluid, and incorporated thymidine was measured using a scintillation counter. 

10 Results 

The results provide evidence that the c-kit:IL-2 chimeric receptor is functional. Figure 
3 shows a flow cytometric analysis of the expression of the chimeric receptors in CTLL2, a 
mouse T cell line that is highly IL-2 dependent for growth and survival. The cells were stained 
with an antibody against c-lcit. The parental cell line is negative for c-kit, whereas cells 
15 transfected with t:y alone, k:/3 alone, and k:? and k:/J together, or normal c-kit alone are all 
positive. 

Figure 4 shows the proliferative response of these cells to murine stem cell factor 
(SCF), the natural ligand for c-kit. All the cell lines respond to IL-2. Significantly, cells 
expressing both k:0 and k:y also respond to SCF. Normal CTLL2 cells die within 24 hours of 
20 withdrawal from IL-2. However, the ktf/k:? transfectants have been maintained for more than 
a year in the presence of SCF and absence of exogenously added IL-2. 

Example g 
Modification Of cytokine dependence 
25 in a pro-B cell line 

Similar results to those described in Example 4, were obtained when ktf/k:? chimeric 
receptors were expressed in BAF3 cells (a murine pro-B cell in which growth is normally 
responsive to IL-3, but responsive to IL-2 if IL-2R is expressed from a transfected in gene). 
Some cell proliferation was also observed in BAF3 cells transfected with k:0 chains 
30 alone. However, a significant indicator of the generation of a normal IL-2 response is the up- 
regulation of IL-2Ra (See, e.g., Smith, K.A. et al. (1985) P.N.A.S. 82:864-868). Both 
CTLL2 and BAF3 cells exhibited up-regulation of IL-2Ra when transfected with a combination 
of k:0 and k:> chains. Neither CTLL2 nor BAF3 cells exhibited up-regulation of DL-2Ra 
when transfected with kr.fi chains alone, nor with k:y chains alone. These results tend to 
35 confirm that, for recreating the normal intracellular response of receptors having hetero- 
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oligomeric signalling chains, like the & and y chains of the IL-2 receptor, it is preferable to 
incorporate each type of cytoplasmic domain into the chimeric receptors, as described above. 

Example v 

S Modification of cytokine dependence 

in a helper T lvmphocvte line 
Similar results to those described in Example 4, were obtained when the chimeric 
receptors were expressed in D10.G4.1 cells. The latter cells are from a murine CD4* helper T 
cell clone which normally requires IL-2 for growth. See Kaye et al. (1983), J. Exp. Med. 
10 158:836-856. 

Example 7 

Modification of cytokine dependence 

in a murine CD8+ CTL line 
15 . Similar results to those described in Example 4, were obtained when the chimeric 
receptors were expressed in L3 cells. The latter cells are from a murine CD8* T cell clone. 
See Siu, G. et al. (1992), Molec. Cell Biol. 12:1592-1604. 



20 

The principles and teachings described above have been applied to produce additional 
embodiments, some of which are described below, further demonstrating the utility of this 
invention. Included, for example, are additional chimeric receptors demonstrating the 
usefulness of the invention in T lymphocytes. 

25 

Example 8 

Cvn5trttctionofGMg/2g 
An Xhol-BamHl fragment of human IL-2R0 cDNA encoding most of the extracellular 
30 coding region and the entire transmembrane and cytoplasmic regions was cloned into the Xhol 
and BamHl sites of a modified version of the plasmid pBluescript SK- (Strategene) in which the 
Not 1 -Sac 1 region had been cleaved out, blunt-ended and religated. This plasmid was then 
digested with Kpnl and Hindi, and ligated to an Xhol /blunted EcoRl fragment of cDNA 
encoding the entire extracellular and transmembrane coding regions of human GM-CSF-R0 
35 (KH97) (Hayashida, K. et al. (1990) P.N.A.S. 87:9655-9659). Exact fusions between 



WO 94/22914 



FCT/US94/03769 



-24- 

extraceJlular and transmembrane regions were made by overlap extension PCR using the 
complementary fusion primers GCCGAGCCACGGAATC GACTCGGTGTCCCA and 
TfififiACACCfiAGTCG ATrCCGTGGCTCGGC . Hie entire coding region of the GM0/20 
chimeric cDNA was cloned into the expression vector pH/SAPr-l-neo, generating the plasmid 
5 pNG0. Fusion sites and flanking regions of the GM0/20 construct were confirmed by standard 
DNA sequencing methods. 

Example 9 
Construction of GMot/2v 

10 A fragment of human IL-2R7 cDNA was PCR amplified from second strand cDNA 

derived from the human T cell clone 2D5 using the primers 5 # CCGTTGAC CCC ACT CTG 
TGG AAG TGC 3* and 5* CCGGATCC GGC TAC AGG ACC CTG GGG 3' (the underlined 
bases encode restriction enzyme sites.) The product was then cloned into the Hindi and 
BamHl sites of the modified pBluescript SK- plasmid described above and was subjected to 

15 DNA sequencing. This plasmid was then digested with Xhol and Hindi, and ligated to an 
Xhol /blunted EcoRl fragment of human GM-CSF-Ra cDNA (Gearing, D.P. et al. (1989) 
EMBO J. 8:3667-3676) encoding the entire extracellular and transmembrane coding regions and 
a portion of the cytoplasmic coding region. Exact fusions between extracellular and 
transmembrane regions were made by overlap extension PCR using the complementary fusion 

20 primers. TGCAAACAGGAAAGG CCCGTCGTCAGAACC and 

GGTTCnXj ACG ACGG GCCTTTCCTGTTTGC A . The entire coding region of the GMa/2? 
chimeric cDNA was doned into the expression vector pH0APr-l-hygro, generating the plasmid 
PHG7. Fusion sites and flanking regions of the GMa/27 construct were confirmed by standard 
DNA sequencing methods. 

25 

Example 10 

Modification of cytokine dependence 
jn a cytotoxic J lymphocyte cell ljne 

30 T C?" Transfettfons 

Piasmids were linearized by digestion with EcoRl (for pNG0) or Xmnl (for PHG7) 
and purified by phenol-chloroform extraction followed by ethanol precipitation. They were 
resuspended in distilled water to a concentration of 1 microgram per microliter. 

10 million CTLL2 cells were washed once with PBS and then resuspended in 0.8ml 
35 PBS. Twenty-five micrograms of linearized plasmid was added, and the cells left at room 



v 
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temperature for 10 minutes. The cells were then placed in a cuvette and electroporated at 
250V, 980 pF for one second at room temperature. The cells were then placed in complete 
media (Click's + 10% FCS, 1% glutamine, 1% pen-strep) at 37°C for 16-20 hours. At this 
time, the cells were spun down, resuspended in fresh media and incubated at 37°C for 24 
5 additional hours. Forty-eight hours post-traiisfection, cells were selected by the addition of 
neomycin (1 mg/ml) for pNG0 or hygromycin B (0.5 mg/ml) for pHGy, Drug-resistant cell 
lines typically grew out in one to two weeks. To generate cells expressing both GM/9/20 and 
GMcr/27, the neomycin resistant line expressing GM0/20 was electroporated with the plasmid 
pHG? and then selected for expression of GMot/27 by removing IL-2 and adding recombinant 
10 human GM-CSF (100 ng/ml) to the cultures. 

Proliferation Assays 

CTI..L2 lines were washed twice in RPMI and resuspended in complete medium 
(Click's + 10% FCS, 1% glutamine, 1% pen-strep) at a concentration of 20,000 per ml. Cells 

15 were plated in flat-bottom 96- well plates, 0.2 ml per well, with either no added cytokines, or 
recombinant human IL-2 (5 units/ml), or recombinant human GM-CSF (10 ng/ml) and 
incubated at 37 °C for 20 hours. Then 2.5 microcuries of tritiated thymidine was added and the 
incubation continued for an additional 4 hours. Cells were harvested, placed in scintillation 
fluid, and incorporated thymidine was measured using a scintillation counter. 

20 Figure 6 shows the proliferative response of these cells to IL-2 and GM-CSF. All of 

the cell lines respond to IL-2. Significantly, cells expressing both GM0/20 and GMo/2? 
exhibit a proliferative response to GM-CSF, further demonstrating the usefulness of the 
invention. 

25 Utility 

The polynucleotides of the invention that encode chimeric receptors are useful for the 
production of lymphocytes that have a lessened requirement for one or more cytokines for 
proliferation. The cells containing the chimeric receptors with a lessened dependence on one or 
more cytokines are useful in, inter alia, immunotherapy. 
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Claims 

1. A chimeric receptor comprising a first peptide chain, said first peptide chain 
comprising an extracellular domain derived from cytokine receptor A-R that binds cytokine A, 

5 joined, via a transmembrane domain, to a cytoplasmic domain derived from cytokine receptor 
B-R that binds cytokine B, wherein cytokine B is a cytokine that is normally required by a 
lymphocyte for growth and proliferation and wherein the chimeric receptor expressed in said 
lymphocyte lessens the growth dependency of the lymphocyte on cytokine B in the presence of 
cytokine A. 

10 

2. The chimeric receptor of claim 1, wherein said cytokine receptor B-R normally 
comprises two peptide chains that are required for signal transduction, and wherein said 
chimeric receptor comprises a second peptide chain, said second peptide chain comprising a 
cytoplasmic domain derived from cytokine receptor B-R. 

15 

3. Hie chimeric receptor of claim 2, wherein said second peptide chain comprises an 
extracellular domain derived from cytokine receptor A-R that binds cytokine A, joined, via a 
transmembrane domain, to a cytoplasmic domain derived from cytokine receptor B-R that binds 
cytokine B. 

20 

4. The chimeric receptor of claim 3, wherein cytokine receptor B-R is a hetero- 
oligomeric type cytokine receptor and wherein the cytoplasmic domain of said second peptide 
chain is different from the cytoplasmic domain of said first peptide chain. 



25 5. The chimeric receptor of claim 4, wherein cytokine receptor B-R is selected from 

the group consisting of an interleukin-2 receptor (IL-2R), an interleukin-3 receptor (IL-3R), an 
mterieukin-4 receptor (IL-4R), an interleukin-5 receptor (IL-5R), an interleukin-6 receptor (IL- 
6R), an interleukin-7 receptor (IL-7R), a 7-interferon receptor (DFN7-R) and a 
granulocyte/macrophage colony stimulating factor receptor (GM-CSF-R). 

30 

6. The chimeric receptor of claim 4, wherein the extracellular domains of the first and 
second peptide chains are derived from a first hetero-oligomeric type cytokine receptor, and 
wherein the cytoplasmic domains of the first and second peptide chains are derived from a 
second hetero-oligomeric type cytokine receptor. 



35 
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7. The chimeric receptor of claim 6, wherein the cytoplasmic domains of the first and 
second peptide chains are derived from an interIeukin-2 receptor (IL-2R). 

8. The chimeric receptor of claim 7, wherein the extracellular domains of the first 
5 and second peptide chains are derived from a cytokine receptor selected from the group 

consisting of a granulocyte/macrophage colony stimulating factor receptor (GM-CSF-R), a y 
interferon receptor (IFN7-R), an interleukin-3 receptor (IL-3R), an interleukin-4 receptor (IL- 
4R) and an interieukin-7 receptor (IL-7R). 

10 9. The chimeric receptor of claim 3, wherein cytokine receptor A-R is a cytokine 

receptor having high affinity ligand binding as a single chain or by homomultimerization. 

10. The chimeric receptor of claim 9, wherein cytokine receptor A-R is selected from 
the group consisting of c-kh receptor (c-kit-R), tumor necrosis factor receptor (TNF-R), 

15 erythropoietin receptor (Epo-R) and granulocyte colony stimulating factor receptor (G-CSF-R). 

1 1 . The chimeric receptor of claim 3, wherein the extracellular domains of the first 
and second peptide chains are derived from a cytokine receptor having high affinity ligand 
binding as a single chain or by homomultimerization, and wherein the cytoplasmic domains of 

20 the first and second peptides are derived from a hetero-oligomeric type cytokine receptor. 

12. The chimeric receptor of claim 11, wherein the cytoplasmic domains of the first 
and second peptides are derived from an interleukin-2 receptor (IL-2R). 

25 13. The chimeric receptor of claim 3, wherein the lymphocyte is a CD8+ cytotoxic T 

lymphocyte (CTL). 

14. Hie chimeric receptor of claim 13, wherein the CTL is normally dependent on 
cytokine B mat is provided by helper T cells (Jh), and wherein the chimeric receptor expressed 

30 in said CTL lessens the growth dependency of the CTL on T„ cells in the presence of cytokine 
A. 

15. The chimeric receptor of claim 14, wherein cytokine receptor B-R is an 
interleukin-2 receptor (IL-2R) and cytokine B is interleukin-2 (IL-2). 

35 
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16. The chimeric receptor of claim 15, wherein cytokine receptor A-R is selected from 
the group consisting of a granulocyte/macrophage colony stimulating factor receptor (GM-CSF- 
R), a 7-interferon receptor (IFN7-R) and an interleukin-3 receptor (IL-3R). 



5 17. The chimeric receptor of claim 16, wherein cytokine receptor A-R is a 

granulocyte/macrophage colony stimulating factor receptor (GM-CSF-R) and cytokine A is 
granulocyte/macrophage colony stimulating factor (GM-CSF). 

18. The chimeric receptor of claim 16, wherein cytokine receptor A-R is a 7-interferon 
10 receptor (IFN7-R) and cytokine A is 7-interferon (IFN7). 

19. The chimeric receptor of claim 16, wherein cytokine receptor A-R is an 
interleukin-3 receptor (IL-3R) and cytokine B is interleukin-3 (IL-3). 

15 , 20. The chimeric receptor of claim 1, wherein both the cytoplasmic domain and the 
transmembrane domain are derived from cytokine receptor B-R. 



21. The chimeric receptor of claim 3, wherein both the cytoplasmic domain and the 
transmembrane domain are derived from cytokine receptor B-R. 

20 

22. A recombinant polynucleotide comprising a region encoding a first peptide chain 
of claim 1. 



23. A recombinant polynucleotide comprising a region encoding a second peptide chain 
25 of claim 3. 



24. Hie recombinant polynucleotide of claim 22, further comprising a region encoding 
a second peptide chain of claim 3. 

30 25. The recombinant polynucleotide of claim 22 in the form of an expression vector. 

26. The recombinant polynucleotide of claim 24 in the form of an expression vector. 



27. A cell containing an expression vector of claim 25. 



35 
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28. A cell containing an expression vector of claim 26. 

29. The cell of claim 27,.wherein the cell is a CD8* cytotoxic T lymphocyte (CTL). 
5 30. The cell of claim 28, wherein the cell is a CD8 + cytotoxic T lymphocyte (CTL). 

31. A method of using a recombinant polynucleotide comprising a region encoding a 
first peptide chain, wherein the first peptide chain comprises an extracellular domain derived 
from cytokine receptor A-R that binds cytokine A, joined, via a transmembrane domain, to a 

10 cytoplasmic domain derived from cytokine receptor B-R that binds cytokine B, wherein 

cytokine B is a cytokine that is normally required by a lymphocyte for growth and proliferation 
and wherein the chimeric receptor expressed in said lymphocyte lessens the growth dependency 
of the lymphocyte on cytokine B in the presence of cytokine A, the method comprising 
transforming a cell with the recombinant polynucleotide. 

15 

32. The method of claim 31, wherein the recombinant polynucleotide is in the form of 
a recombinant expression vector. 

33. The method of claim 32, wherein the cell is a lymphocyte. 

20 

34. The method of claim 33, wherein the lymphocyte is a CD8+ cytotoxic T 
lymphocyte (CTL). 

35. Hie method of claim 34, wherein cytokine receptor B-R is an interteukin-2 
25 receptor (IL-2R) and cytokine B is interleukin-2 (IL-2). 

36. The method of claim 35, wherein cytokine receptor A-R is selected from the group 
consisting of a granulocyte/macrophage colony stimulating factor receptor (GM-CSF-R), a y- 
interferon receptor (IFN7-R), and an interieukin-3 receptor (IL-3R). 

30 

37. A cell produced by the method of claim 30 and progeny thereof. 

38. A cell produced by the method of claim 31 and progeny thereof. 



35 



39. 



A cell produced by the method of claim 32 and progeny thereof. 
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40. A cell produced by the method of claim 33 and progeny thereof. 

41. A cell produced by the method of claim 34 and progeny thereof. 

42. A cell produced by the method of claim 35 and progeny thereof. 

43. A cell produced by the method of claim 36 and progeny thereof. 
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HYBRID RECEPTOR MOLECULES 
F^lri of thf> Invention 

5 This invention relates to biologically active 

hybrid receptor molecules. More specifically, the 
invention is directed to receptor molecules that are 
hybrids of a receptor extracellular domain and a 
receptor intracellular domain, where one of the domains 
10 is derived from certain members of the hematopoietic 
cytokine family of receptors, and the other domain is 
derived from an unrelated family of receptors. 



nggm-iption of Related Art 

15 

Growth and differentiation of cells occurs by a 
variety of mechanisms. One common mechanism is via a 
cellular response to certain extracellular chemical or 
physical stimuli* Some of the chemical stimuli are 
20 known as ligands. Ligands bind to specific receptors on 
the cellular membrane, thereby ultimately resulting in 
the transition of a signal to the cell or other 
response. 

The receptors are typically proteinaceous 
25 macromoleCules that span a particular cell membrane. 

Most receptors possess three domains, the extracellular 
domain, the transmembrane spanning domain, and the 
intracellular domain. The extracellular domain of the 
receptor usually serves as the binding site for the 
30 ligand, the transmembrane or membrane spanning domain 
typically serves to anchor the receptor into the 
membrane, and the intracellular domain often serves to 
transmit a signal to the intracellular environment. 

Signal transduction appears to occur in a variety 
35 of ways upon ligand binding, such as for example, by a 
conformational change in the structure of the receptor, 
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by dimeri2ation of two identical or related receptor- 
type molecules, or by internalization of the ligand 
(see, Schlessinger et al.. Neuron, 9:383-391 [1992]; 
Vairo et al., Immunol, Today, 12:362-369 [1991); Ullrich 
5 et al., Cell, 61:203-212 [1990]; Hatakeyama et al., J . 
Exp. Med., 166:362-375 [1987]). 

Many receptors have been identified, and the 
scientific literature has variously divided them into 
groups, super families, families and/or classes of 

10 receptors based on common features such as tissue 

distribution of the receptors, nucleic acid or amino 
acid homology of the receptors, mechanisms of signaling 
by the receptors, or the type of ligand that binds to 
the receptors. A uniform system of classifying or 

15 grouping receptors however, has not been used in the 
literature. 

One group of receptors has been termed the cytokine 
receptor superfamily. Most cytoki nes are soluble 
proteins that affect the growth and differentiation of 

20 many cell types such as cells involved in hematopoiesis 
and cells involved in the immune response. Cytokines 
exert their effect on the growth and differentiation of 
cells by binding to one or more members of this 
superfamily of receptors. The receptors are generally 

25 located on the cell surface membrane (plasma membrane) . 
The cytokine receptor superfamily contains many 
families, such as, for example, the^hejnatojpoj^etic^ 
receptor family/ the interferon receptor (IFN-R) family, 
the~€uinor necrosis factor receptor (TNF-R) family, the 

30 nerve growth factor receptor _(NGF-R) _f amily , the 

transforming growth factor ( TGF) beta receptor family, 
and the interleukin-8 (I H L-8,)_receptor family (see Taga 
et al. FASEB J., 6:3387-3396 [1992]). 

Another separate and distinct group of receptors is 

35 the protein- tyrosine kinase^receptor family. This 
receptor 'family shares the common trait of 
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phosphorylation (via ATP hydrolysis) of the hydroxy 1 
group of a tyrosine residue of a selected intracellular 
enzyme, or aut ©phosphorylation of the receptor itself 
upon ligand binding to the receptor. A "large number of 
5 receptors have been identified as members of this 

family, including, among others, epidermal growth factor 
receptor (EGFR) , platelet derived growth factor receptor 
(PDGFR) , and insulin receptor (IR) . 

Another distinct group of receptors is the atrial 

10 natriuretic peptide receptor family. This family of 
receptors has one or more of the atrial natriuretic 
peptides (ANPs) as ligands. ANP is involved ii/the 
regulation of fluids across the cellular plasma 
membrane. This family of receptors consists of atrial 

15 natriuretic peptide receptor A (ANPRA) , atrial 

natriuretic peptide receptor B (ANPRB) and atrial 
natriuretic peptide receptor C (ANPRC) . These receptors 
are each expressed at different levels in different 
types of cells (Wilcox et al., Mol. Cell. Biol., 

20 11:3454-3462 [1991]). 

Still another group of receptors are those with two 
common characteristics: they all have seven 
transmembrane spanning domains, and they are all 
believed to transduce signals to the intracellular 

25 environment via G-proteins (GTP binding proteins) . This 
group includes such receptors as the rhodopsin and 
related opsin receptors, the alpha and beta adrenergic 
receptors, the muscarinic cholinergic receptors, and the 
yeast mating factor receptors. The thrombin receptor is 

30 also known to have seven transmembrane spanning domains 
(see WO 92/14750) . 

Many other receptor groups have also been 
identified, such as the steroid receptor family, of 
which the retinoic acid receptor is a member, the family 

35 of the endothelin receptors (Adachi et al., FEBS Lett, 
311:179-183 [1992]) and related receptors, the glutamate 
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family of receptors, and the family containing the 
transferrin receptor. 

Several receptors have been cloned and the DNA 
sequences have been obtained. In ^addit Ion mutant 
5 receptors have been generated, and tested for biologic al 
activity as compared to the naturally occurring, or 
wild-type, receptor moTecules. For example. Quelle et 
al. r (Mol. Cell. Biol., --12:4553-4561 [1992]) have 
prepared mutants of the erythropoietin receptor. Mutant 

10 receptors are those in which one or more naturally 

occurring amino acids have been substituted or deleted, 
or those in which additional amino acids have been 
added. Some mutants are combinations of substitution, 
deletion, and/ or insertion of amino acids. 

15 one method of studying the mechanism (s) of receptor 

activation and signaling has been to construct 
artificial or synthetic receptor molecules. These 
molecules are generally known as hybrid or chimeric 
receptors. Such receptors typically possess the 

20 extracellular domain of one naturally occurring receptor 
and the ,intracell.ular_domain of another naturally 
occurring receptor. The majority of hybrid receptors 
that have been generated~~are~i:nt ra^fami l'ial hybrids -,- 
i.e., the intra- and extracellular domains of the hybrid 

25 receptor are derived from members of the same family or 
super family of receptors. 

Venkitaraman et al. {Proc. Natl. Acad. Sci. USA, 
89:12083-12087 [1992]) describe hybrid receptor 
molecules, between the CD 8 receptor and the interleukin 7 

30 (IL-7) receptor, both of which are members of the 
cytokine superfamily of receptors. 

Adachi et al. {FEBS Lett., 311:179-183 [1992]) 
describe hybrid receptor molecules of the endothelin A 
and endothelin B receptors. 

35 Koller et al. [Mol. Cell. Bio., 12:2581-2590 

[1992]) describe receptors that are hybrids of naturetic 
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peptide receptor A (NPR-A) and natriuretic peptide 
receptor B (NPR-B) , both of which are members of the 
guanylyl cyclase receptor family. In addition, hybrid 
receptors of NPR-A or NPR-B in combination with a 
5 portion of the epidermal growth factor receptor (EGFR) 
or the endotoxin receptor were generated by these 
researchers, but these hybrids were not stimulated by 
ligand. 

Zon et al. r {Mol. Cell. Biol., 12:2949-2957 [1992]) 

10 discuss production of hybrid receptors between the 
erythropoietin receptor (EPOR) and the interleukin 3 
(IL-3) receptor. Both of these receptors are members of 
the cytokine superfamily of receptors. 

Fun et al., (Science, 256:1677-1680 [1992]) 

15 describe a hybrid receptor between the extracellular 
domain of the human growth hormone receptor (hGHR) and 
the intracellular domain of murine granulocyte colony- 
stimulating factor receptor (G-CSFR) . Both of these 
receptors are members of the cytokine receptor 

20 superfamily. 

Seedorf et al., (J". Biol. Chem., 266:12424-12431 
[1991]) set forth the production of a hybrid receptor 
that consists of the extracellular domain of EGFR and 
the intracellular domain of the platelet derived growth 

25 factor receptor (PDGFR) . Both of these receptors are 
members of the protein tyrosine kinase receptor family. 

Lev et al. (Mol. Cell. Biol. r 10:6064-6068 [1990]) 
discuss a hybrid receptor between pl45 kit , a proto- 
oncogene, and EGFR. Both of these receptors are members 

30 of the protein tyrosine kinase receptor family. 

Dull et al., U.S. Patent Nos. 4,859,609 (issued 
August 22, 1989) and 5,030,576 (issued July 9, 1991) 
describe hybrid receptors, and set forth specific 
hybrids between EGFR and the insulin receptor (IR) , and 

35 between EGFR and HER2-erbB2, an oncogene. EGFR, IR, and 
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HER2-erbB2 are all members of the protein-tyrosine 
kinase receptor super family. 

Patent Cooperation Treaty WO 91/06570, published 
May 16, 1991, sets forth hybrid molecules between the 
5 antibody Fc receptor and an antibody. The hybrid 
molecule is preferably in a soluble form. 

Some inter-familial, or heterologous, hybrid 
receptors have also been generated. Only a few of these 
have been found to be biologically active, i.e., are 

10 capable of transducing a signal from the extracellular 
environment to the intracellular environment. For 
example, Yan et al. (Science, 252:561-563 [1991]) 
describe a hybrid receptor molecule containing the 
extracellular domain of EGFR and the intracellular and 

15 transmembrane domains of the human low-affinity nerve 

growth factor receptor (NGFR) . The hybrid was found to 
induce neurite outgrowth in cells stimulated with EGF; 
the hybrid was also able to specifically induce a NGF- 
responsive gene called transin. 

20 Bernard et al, (Proc, Natl, Acad, Sci. USA, 

84:2125-2129 [1987]) describe a hybrid receptor of the 
extracellular domain of inter leukin 2 (IL-2) and the 
transmembrane and intracellular domains of EGF. Cells 
transfected with this hybrid did not respond to ligand 

25 added to culture medium, suggesting that the hybrid 
receptor was not biologically active. 

Inter familial hybrid receptors provide a means for 
obtaining information about newly identified receptors 
with unknown ligands. For example, the extracellular 

30 domain of a newly identified receptor may be linked to 
the intracellular domain of a receptor with a known 
signal transduction mechanism. Various potential 
ligands can then be tested to identify those that bind 
to the extracellular domain of the hybrid and are 

35 capable of transmitting a signal. 
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There is a need in the art to provide a means of 
identifying the ligands of newly discovered receptors. 
There is a further need in the art to provide hybrid 
receptors that can be used to increase or decrease 
5 cellular responses to certain ligands through the use of 
agonists and/or antagonists to these receptors. 

Accordingly, it is an object of the present 
invention to provide a hybrid receptor molecule wherein 
one domain of the hybrid receptor is derived from the 

10 cytokine super family of receptors, and the other domain 
of the receptor is derived from a separate and distinct 
or heterologous family of receptors. Various potential 
ligands for the molecule can be evaluated for their 
ability to stimulate or inhibit signaling to the 

15 intracellular environment. 

SUMMARY OF THE INVENTION 

This invention is based on the unexpected discovery 
20 that hybrid receptors comprising an extracellular domain 
from certain members of one receptor family and an 
intracellular domain from certain members of a 
heterologous receptor family possess biological activity 
when DNA encoding the hybrid receptor is transfected 
25 into and expressed in cell lines. 

In one aspect, this invention provides a 
biologically active hybrid receptor molecule, wherein 
one domain of the hybrid is a member of the 
hematopoietic cytokine receptor family, and the other 
30 domain is a member of a separate and distinct family of 
receptors . 

In another aspect, the invention provides a hybrid 
receptor molecule wherein the extracellular domain is a 
member of the protein-tyrosine kinasje_j£e_ceptor family 
35 such as epi^e^mal ^ growth factor receptor (EGFR) and the 
transmembrane and intracellular domains are me~mbers of 
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the hematopoietic cytokine receptor family such as 
erythropoietin receptor (EPOR) ♦ 

In yet another aspect, the invention provides a 
hybrid receptor molecule wherein the extracellular 
5 domain is a member of the hematopoietic cytokine 

receptor family such as EPOR and the transmembrane and 
intracellular domains are members of the atrial 
natriuretic peptide receptor (ANPR) family such as 
ANPRA, ANPRB and ANPRC. 
10 In one other aspect, the invention provides host 

cells trans fected with a DNA sequence encoding the 
hybrid receptor and expressing a biologically active 
form of the hybrid receptor on a particular cell 
membrane . 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of the 
erythropoietin receptor (EPOR) , the epidermal growth 

20 factor receptor (EGFR) , and two EGFR-EPOR hybrid 

receptors called EECA and EECB (described in detail in 
Example I) , that were constructed using the 
extracellular domain of EGFR and various fragments of 
the transmembrane and intracellular domains of EPOR. 

25 The darkened regions represent EPOR sequences, the 
darkened vertical bar represents the transmembrane 
domain, the open regions represent EGFR sequences, the 
striped region represents the tyrosine kinase domain of 
EGFR, and the dotted region represents the WSXWS motif 

30 of EPOR. The numbers above each receptor construct 
represent the number of amino acids from that domain 
that were used in the construct. Negative numbers refer 
to the signal sequence; number 1 is the first amino acid 
at the amino terminus of the mature receptor sequence. 
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Figure 2 depicts the sust ained growth of murine 32D 
cells trans feet ed_with and expressinq_v arious receptor^ . 
DtfA c onstructs f _ _and growrf~in-the presence of the growth 
factors IL-3, EGF, TGF-alpha, or EPO. Darkened squares 
5 represent IL-3 (interleukin-3) , darkened triangles 
represent EGF (epidermal growth factor) , inverted 
triangles represent TGF-alpha (transforming growth 
factor alpha) , open circles represent EPO 
(erythropoietin) , and the solid line represents no added 
10 growth factor. 

DETAILED DESCRIPTION OF THE INVENTION 

The following terms are used to describe the 

15 invention. 

The term "receptor" refers to a molecule, typically 
composed primarily of protein, that is associated, at 
least transiently, with one or more types of cellular 
membranes, and has as its main biological function the 

20 ability to bind a specific ligand or group of ligands, 
and, upon ligand binding, to mediate signal 
transduction, either directly or indirectly, in the 
cell. The cell from which the receptor is obtained may 
be any vertebrate cell, invertebrate cell, plant cell, 

25 bacterial cell or any other microorganism cell. The 
receptor may also reside naturally on the coat of any 
virus. The cellular membrane from which the receptor is 
obtained may be the plasmalemma (the membrane 
surrounding the cell) or any intracellular membrane 

30 surrounding any cellular organelle, such as the 

mitochondrial membrane, the chloroplast membrane (inner 
or outer), the nuclear membrane, the lysosomal membrane, 
the vacuolar membrane (the tonoplast), the endoplasmic 
reticulum, and the like. The typical receptor has three 

35 portions or domains, namely, an intracellular domain, an 
extracellular domain, and a transmembrane domain. In 
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addition, the receptor typically has a sequence of about 
5-25 amino acids at its amino terminus that serve to 
target the receptor to the proper membrane. These 
domains will vary in size and in function from receptor 
5 to receptor. Typically, the extracellular domain binds 
to one or more ligands, the transmembrane domain anchors 
the receptor into the membrane, and the intracellular 
domain perceives the binding of ligand and transmits a 
signal to the interior of the cell (the intracellular 
10 environment) . Usually, the transmembrane domain of the 
receptor is comprised primarily of hydrophobic amino 
acids, while the extracellular domain and the 
intracellular domain may contain all types of amino 
acids . 

15 The term "hybrid" refers to the amino acid 

composition and/or DNA sequence of the receptor. The 
receptors of this invention are typically combinations 
of pieces or fragments of naturally occurring receptors, 
and/or mutants thereof, however the hybrid may be 

20 comprised of full-length sequences of any or all of the 
domains. Typically, the hybrid receptor will be 
comprised of an extracellular domain, a transmembrane 
domain, and an intracellular domain. The extracellular 
domain will be derived from certain members of one 

25 family of receptor molecules, while the intracellular 
domain will be derived from certain members of a second 
family of receptor molecules. The transmembrane domain 
may be derived from the same receptor as either the 
intracellular or extracellular domain, or it may be 

30 derived from a third receptor source. In addition, any 
or all of the domains may be synthetic in origin, i.e., 
based on sequences that are not naturally occurring. 

The terms "heterologous", "heterologous receptor", 
and "heterologous receptor domain" refer to receptors or 

35 receptor domains derived from separate and distinct 

groups, classes, families or super families of receptors. 
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The hybrid receptor molecules of this invention are 
heterologous in that one domain of the hybrid receptor 
is typically derived from one family of receptors, such 
as for example, the hematopoietic cytokine receptor 
5 family, while another domain of the receptor is derived 
from an unrelated receptor family, such as, for example, 
the protein-tyrosine kinase receptor family. 

The terms " family" , "class", and "superfamily" 
refer to a collection of cell membrane receptors that 

10 are considered to have a certain level of homology, 

either in terms of structure (e.g., a certain level of 
amino acid or nucleic acid sequence homology) , function 
(e.g., they are all involved in antigen recognition or 
bind a certain type of ligand) , or activity (e.g., they 

15 all hydrolyze ATP) . Typically, super families comprise 
more than one class or family of receptors. 

The terms "hematopoietic cytokine receptor" and 
"hematopoietic cytokine receptor family" refer to 
receptors that have one or more cytokines as their 

20 primary ligand (s), although they may have different 

mechanisms of signaling. As used herein, cytokines are 
defined as molecules usually comprised primarily of 
protein, that affect growth and/or differentiation of 
various cells. Many of the hematopoietic cytokine 

25 receptors contain the WSXWS amino acid sequence motif (W 
represents tryptophan; S represents serine, and X 
represents a nonconserved amino acid) . 

The term "ligand" refers to a molecule that binds 
to a receptor with a certain specificity and affinity. 

30 The ligand (s) may be natural or synthetic, and the 

ligand (s) may have the ability to bind to more than one 
type of receptor. The ligand may be an inorganic or an 
organic molecule. The organic molecules may be composed 
of nucleic acid, protein, lipid, carbohydrate, or any 

35 other type of organic molecule combination thereof. 
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The term "biologically active" refers to hybrid 
receptors that are (1) capable of binding one or more 
ligands, and (2) able to respond to the binding by 
signaling the cell, either directly or indirectly in a 
5 manner that is detectable and is distinct from the 

response of cells not transfected with DNA encoding the 
hybrid receptor. The response of the receptor to the 
ligand binding will be detectable by assaying for 
signaling, such as by a conformational, chemical, or 

10 structural change in the receptor (for example, 

phosphorylation of the receptor) , dimerization of the 
receptor with another molecule, production of a chemical 
messenger on the surface of or inside of the cell (such 
as cGMP) , immunological detection, growth and/or 

15 differentiation, or other assay that is appropriate for 
the particular hybrid receptor being evaluated. 

MPl-hnrtR of Making the Invention 

20 1. Selection of Receptor F .xh rarpl lular Domain 

The extracellular domain of the hybrid receptor may 
be any naturally occurring amino acid sequence, or a 
synthetic amino acid sequence that is known or is 
believed to be the extracellular domain of a receptor. 

25 Such amino acid sequences are encoded by naturally 

occurring or synthetic DNA sequences. In addition, the 
extracellular domain may be one or more fragments or 
pieces of receptor extracellular domain sequences 
derived from more than one family of receptors. 

30 Included within the scope of this invention are newly 

identified sequences believed to be receptor or membrane 
bound sequences with no known function. 

The extracellular domain may be derived from any 
bacterial receptor, vertebrate or invertebrate receptor, 

35 plant receptor, or a receptor from any other source; the 
receptor may naturally be found on the plasmalemma of a 



WO 94/29458 



PCT/US94/06280 



- 13 - 

certain cell type(s) or on a membrane that surrounds a 
cellular organelle such as, for example, the endoplasmic 
reticulum, the nucleus, a lysosome, a vacuole, 
mitochondrion, or a chloroplast. The extracellular 
5 receptor amino acid sequence may be a fragment and/or a 
mutant form of the known sequence from^which it is 
derived. For purposes herein, a mutant is defined as a 
polypeptide encoded by a DNA sequence containing any 
alteration in the native DNA sequence, whether it be 

10 nucleotide insertions, deletions, or substitutions. In 
addition, changes in the carbohydrate composition of the 
polypeptide (including alterations of the sugar residues 
of the carbohydrate linkage, and/or addition or 
subtraction of carbohydrate moieties on the polypeptide 

15 as compared with the native sequence) are considered 
herein to be mutations. 

The extracellular domain may be a hybrid molecule 
in and of itself, i.e., it may be composed of fragments 
or sequences derived from more than one receptor 

20 extracellular domain. 

Where the extracellular domain is a fragment of an 
extracellular domain full length sequence, the fragment 
will typically include the known or putative ligand 
binding region of the extracellular domain, as well as 

25 any other region of the extracellular domain that is 
believed to be at least partially responsible for the 
biological activity of the receptor from which it is 
derived. 

Typically, the extracellular domain will contain, 
30 usually at its amino terminus, a sequence of about 5-25 
amino acids that direct the receptor molecule to the 
proper membrane after the receptor is synthesized in the 
cell. Such sequences usually are known as signal 
sequences or leader peptides. 
35 This invention contemplates the use of primarily 

two types of extracellular domains: those with known 
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ligands, and those with no known ligands. Production of 
hybrid receptors that have extracellular domains with 
known ligands will be useful for a variety of functions, 
but especially for screening new ligands that are 
5 believed to either enhance the level of intracellular 
signaling, or to decrease or inhibit intracellular 
signaling. 

Production of hybrid receptors with extracellular 
domains for which no known function and/ or ligand exists 

10 will be useful for identifying the ligands and/or 

functions of the novel extracellular domain (s). Once 
the ligands have been identified, one may obtain 
information on the receptor's inherent activity. In 
addition, novel ligands that bind to the receptor then 

15 can be screened to evaluate their potential for 
increasing or decreasing receptor activity. 

Typically, the extracellular domain will be 
selected from a receptor whose inherent activity either 
confers a beneficial or a detrimental function upon 

20 cellular homeostasis; the objective will be to identify 
ligands that increase the activity of this receptor 
thereby enhancing the beneficial effects of the 
receptor, or decrease its activity where the receptor's 
activity is known to be or is believed to be detrimental 

25 to the cell. 

Preferred extracellular domains of this invention 
are those with no known function and/or ligand, but with 
some homology, either at the nucleic acid or amino acid 
level, to any domain of a known receptor. By way of 

30 example, a preferred extracellular domain is encoded by 
a cloned DNA sequence of unknown function that has 
sequence homology with the DNA encoding the 
intracellular kinase domain of a protein tyrosine kinase 
receptor, or a cloned DNA sequence that has sequence 

35 homology with the WSXWS motif that is present in many 
members of the cytokine receptor family. Other 
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preferred extracellular domains of this invention 
include those of the protein tyrosine kinase family such 
as epidermal growth factor receptor and its homo logs, 
the erythropoietin receptor and its homologs, other 
5 members of the hematopoietic cytokine receptor family 
and homologs, the atrial natriuretic peptide receptors, 
such as ANPRA (Lowe et al. f EMBO J., 8:1377-1384 
[1989]), ANPRB (Chang et al., Nature, 341:68-72 [1989]), 
or ANPRC, and their homologs, granulocyte- colony 

10 stimulating factor receptor and its homologs, and human 
fetal liver kinase-2 receptor and its homologs. 

If the intracellular domain of the hybrid receptor 
is not a member of the hematopoietic cytokine receptor 
family, then the extracellular domain will be selected 

15 from this family. 

2. Selection of Rece ptor Intracellular Domain 
The intracellular domain of the hybrid receptor 
will be obtained from a receptor family that is separate 

20 and distinct from the extracellular domain receptor 

family. Typically, this domain will be selected based 
on its ability to produce or to transmit a detectable 
response in cells expressing this domain when ligand is 
added to the cell culture medium. However, the 

25 intracellular domain from any receptor may be used. The 
intracellular domain may be derived from a bacterial 
receptor, a vertebrate or invertebrate receptor, a plant 
receptor, or a receptor from any other source; the 
receptor may naturally be found on the plasmalemma of a 

30 certain cell type (s) or on a membrane that surrounds a 

cellular organelle such as, for example, the endoplasmic 
reticulum, the nucleus, a lysosome, a vacuole, a 
mitochondrion, or a chloroplast. The intracellular 
receptor DNA and/ or amino acid sequence may be a 

35 fragment and/or a mutant form of the known sequence from 
which it is derived. For purposes herein, a mutant is 
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defined as a polypeptide encoded by a DNA sequence 
containing any alteration in the native DNA sequence, 
whether it be nucleotide insertions, deletions, or 
substitutions. In addition, changes in the carbohydrate 
5 composition of the polypeptide (including alterations of 
the sugar residues of the carbohydrate linkage, and/or 
addition or subtraction of carbohydrate moieties on the 
polypeptide as compared with the native sequence) are 
considered to be mutations. 

10 The intracellular domain may be a hybrid molecule 

in and of itself, i.e., it may be composed of fragments 
or sequences derived from more than one receptor 
intracellular domain, provided that the domain is 
constructed in such a manner as to be functional in 

15 signal transduction. 

Preferred intracellular domains are those with a 
known and assayable signal transduction mechanism or 
activity such as, for example, the erythropoietin 
receptor intracellular domain, the granulocyte-colony 

20 stimulating factor receptor, the granulocyte macrophage 
colony stimulating factor receptor, the epidermal growth 
factor receptor intracellular domain, or the atrial 
natriuretic peptide receptor type A (Lowe et al., EMBO 
J. f 8:1377-1384 [1989]), type B (Chang et al., Nature, 

25 341:68-72 [1989]), or type C intracellular domain. 

If the selected extracellular domain of the hybrid 
receptor is not a member of the hematopoietic cytokine 
receptor family, then the intracellular domain of the 
hybrid receptor will be selected from the hematopoietic 

30 cytokine receptor family. Where the extracellular 
domain has no known activity, and thus it is unclear 
whether it is a member of the hematopoietic cytokine 
receptor family, the intracellular domain may be a 
member of this family. 



35 
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3. selection nf Receptor Transmembrane Domain 
The transmembrane domain sequence of the hybrid 

receptor may be obtained from any source. Typically 
however, it will be selected from the same receptor as 
5 either the intracellular domain or the extracellular 
domain. However, the transmembrane domain may also be 
selected from a receptor that is a member of a separate 
and distinct group from either the extracellular domain 
receptor or the intracellular domain receptor. While 

10 the main purpose of the transmembrane domain appears to 
be to anchor the receptor into the membrane, this domain 
may also be important in certain receptors for signal 
transduction. Thus, it may be necessary that the 
transmembrane domain be of the same origin as either the 

15 extracellular domain or intracellular domain, depending 
on the predicted or known mechanism of signaling. 

4. Hybrid Re rgptnr Preparation 

The hybrid receptors of this invention are 

20 typically prepared using recombinant DNA technology. A 
DNA construct containing the DNA sequences of the. 
select^cl^int r ace llul ar , extracellular, and transmembrane 
' domaTlis™iirprepared, usually by isolating the desired 
cDNA sequences for each domain of the hy brid rec eptor^ 

25 using methods well known in tfie^art. These methods 

include, without limitation, polymerase chain reaction 
<PCR) which is particularlyjosejulfwhere at least a 
partial^sequence^ of the gene of interest is known; ^and 
cDNA^and/br -genomic library screening with suitable 

30 probes (usually oligonucleotides and/or antibodies for 
cDNA libraries, and oligonucleotides or cDNA sequences 
for genomic libraries) . Some of these methods as well 
as other methods useful for molecular cloning are set 
forth by Sambrook et al. (Molecular Cloning: A 

35 Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY [1989]). 
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After the DNA sequences for each of the domains 
have been obtained in suitable quantities, they are 
ligated in the proper orientation, thereby producing a 
single DNA construct encoding the intracellular, 
5 transmembrane, and extracellular domains of the desired 
hybrid receptor. The ligation may be done with several 
DNA fragments simultaneously, or it may be done in 
successive steps. In addition, one fragment of DNA may 
first be ligated into a vector, after which time the 

10 other fragment (s) of DNA are then ligated into the same 
vector at the correct position. 

In some cases, it may be necessary to first make 
the ends of each DNA fragment compatible for ligation to 
each other. This is done by either blunting the ends of 

15 each of the DNA fragments, or cnattirig^K^-^rnds-^wTEli " 
appropriate restriction endonucleases . Both of these 
methods are described in Sambrook et al., supra. This 
single construct is then ligated into a suitable vector 
(unless the DNA fragments of interest were previously 

20 ligated into the vector one at a time) for transfection 
into selected cells. 

The DNA encoding the hybrid receptor will typically 
be placed into a vector for amplification and for 
expression in the host cells. Any eukaryotic expression 

25 vector may be used when the hybrid receptor is to be 
expressed in eukaryotic cells. Prokaryotic expression 
vectors will be used for expression in bacterial cells. 
Selection of the expression vector will depend on 
several factors such as the choice of restriction 

30 endonuclease sites in the polylinker region of the 

vector, the type of promoter, and the selectable marker. 
Preferred promoters are those that yield a high level of 
transcription in a variety of host cells such as a 
retrovirus promoter (e.g. the cytomegalovirus promoter) . 

35 Preferred selectable markers are neomycin, hygromycin, 
ampicillin, tetracycline, and other antibiotic 
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resistance markers. Preferred vectors are pRc/CMV and 
pRc/RSV (both available from InVitrogen, San Diego, CA) , 
pXT 1 (Stratagene, San Diego, CA) and pLJ (Korman et 
al., Proc. Natl. Acad. Sci. USA, 84:2150-2154 [1987]). 
5 While recombinant DNA methods are the usual means 

for preparing hybrid receptors, other methods useful for 
preparation of these receptors may be employed as well. 
Such methods include, for example, chemical and/or 
enzymatic synthesis of either the amino acid or DNA 
10 sequence of the hybrid receptor, using methods well 
known in the art. 

5. Expression of the Hybrid Receptor 

The hybrid receptor DNA vector construct may be 

15 transfected into a selected cell line for expression and 
evaluation of receptor activity. Transfection can be 
accomplished using any known method, including without 
limitation, the calcium phosphate procedure, 
elect ropor at ion, viral infection (via the use of 

20 retroviruses) , lipofection, DEAE-dextran, or 

microinjection. The transfection method used will 
depend in part on the cell type being transfected. For 
bacterial cells, electroporation is generally preferred. 
For mammalian cells, transfection can be accomplished 

25 using electroporation, or alternatively, the DEAE- 
dextran method as described in Section 9.2 of Ausubel et 
al., eds. (Current Protocols in Molecular Biology, Greene 
and John Wiley and Sons, N.Y. [1987]). 

Selection of host cell lines for incorporation and 

30 expression of the hybrid receptor DNA will normally 

depend on the hybrid receptor to be evaluated. In some 
cases, the cell line selected will be one that does not 
express, at very high levels, the naturally occurring 
receptors from which the hybrid was constructed, and 

35 preferably one that does not express such receptors at 
all. In addition, the selected cell line preferably 
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will be one that does not naturally produce a 
significant amount of the ligand or ligands to be 
screened. In some cases, i.e., where growth is the end- 
point of the signal transduction process, the preferred 
5 cell line will be one that is dependent for growth 

and/or survival on one or more growth factors that the 
cells do not produce endogenously and that are not 
present in serum, but that can be added exogenously to 
the cell culture medium. In this type of system, the 
10 factor can be removed from the cell culture medium, and 
then only cells stimulated by the hybrid receptor ligand 
will grow. 

Preferred cell lines for use in this invention 
are murine 32D cells (ATCC No.CRL 11346, deposited May 

15 13, 1993 with the American Type Culture Collection 

["ATCC"], 12301 Parklawn Drive, Rockville, MD 20852, 
USA) , COS-1 and COS-7 cells (African Green monkey kidney 
cells, ATCC Nos. CRL 1650 and CRL 1651, respectively), 
CBT6 cells (Pan et al., Virol. , 125:1-7 [1983]), TF-1 

20 cells (Kitamura et al., J. Cell. Physiol., 140:323-334 

[1989]), FDC-Pl cells (Spooncer et al.. Nature, 310:228- 
230), HEL cells (human erythroleukemia cells, ATCC No. 
TIB 180), and Ba/F3 cells (Palacios et al., Cell, 
41:727-734) . 

25 in addition to expressing the hybrid receptor 

molecules in cultured cells, the receptors may be 
expressed in vivo in a variety of animals such as mice 
or other rodents, using standard procedures known in the 
art such as those set forth in Hogan et al., eds., 

30 Manipulating the Mouse Embryo: A Laboratory Manual (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY 
[1986]) . 



35 



6. H ybrid Rec pptor Activity Assays 
After trans fection of the host cell line, the cells 
can be screened for incorporation of the hybrid receptor 
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DNA into the nucleus and/or for expression of the hybrid 
receptor on the cell membrane. 

Incorporation of the hybrid receptor DNA into the 
nucleus can be analyzed by Southern blotting total 
5 nuclear DNA of the host cell, and probing this blot with 
a probe designed to specifically detect a portion of the 
hybrid receptor DNA sequence. Other methods of 
detecting incorporation of DNA into the nucleus include, 
for example, polymerase chain reaction <PCR) , and probe 

10 protection using a radioactive DNA or RNA probe that is 
hybridized to the DNA of interest on a Southern blot. 

Expression of the hybrid receptor polypeptide can 
be evaluated in a variety of ways. 'To measure the level 
of hybrid receptor protein in the cell, an antibody 

15 directed against particular regions of the hybrid 

receptor may be used in either a Western blot analysis 
or in an immunoprecipitation analysis. Expression mayj 
also be monitored using fluorescence activated cell 
sorting (FACS) . Alternatively, or additionally, 

20 bioassays to detect the activity of the hybrid receptor^ 
may be used. Here, the ligand or suspected ligand is 
added to the cell culture along with other reagents as 
necessary for analyzing receptor activity (for example, 
32 P-ATP, 3 H-thymidine, 32 P-GTP, and the like); after an 

25 appropriate period of time, the cells are assayed for / 
certain changes that may have occurred in response to 
ligand binding. Some of these changes may include for 
example, phosphorylation of the receptor itself or of 
another protein, production of cGMP or cAMP, or 

30 expression of particular genes in the cell. In 

addition, the rate of host cell proliferation or the , 
rate of host cell death may be a means of measuring 
hybrid receptor activity. 

To measure the level of hybrid receptor mRNA in the 

35 host cell, Northern blot analysis, RNase protection 



i ■ 



WO 94/29458 



PCT7US94/06280 



- 22 - 

assays, and/or reverse transcriptase /PCR assays can be 
conducted. 



7. Screening fnr Receptor Liaands 
5 One key feature of the hybrid receptors provided in 

this invention is their use in screening for novel 
ligands that may either increase or decrease the level 
of signaling in the cell. In addition, these receptors 
can provide a means of producing a signal in a cell that 
10 might not normally receive a signal in response to a 
certain ligand. 

The ligand (s) to be tested can be added to the 
trans fected host cell culture media at several 
concentrations over various periods of time, and binding 
15 can be assessed by the use of one or more assays 

designed to detect ligand binding as discussed above. 

Where the hybrid receptor is expressed in 
transgenic mammals, the ligand to be evaluated would be 
administered to the mammal over a wide range of doses. 
20 The effects of the ligand on the mammal could then be 

tested using suitable in vitro assays (by extracting and 
analyzing tissues expressing the hybrid receptor) or by 
in vivo evaluations. 

The invention will be more fully understood by 
25 reference to the following examples. These examples 

should not be construed in any way as limiting the scope 
of the invention. 



EXAMPLE I: PRODUCTION OF AN EGFR-EPOR HYBRID RECEPTOR 

30 

1. Cp 11 preparation 

Cell cultures of the murine cell line 32D clone 3 
(deposited with the ATCC as accession no ATCC# CRL 
11346, deposited May 13, 1993) were used in this study. 
35 This cell line was selected for its dependence for 
growth and survival on interleukin-3 (IL-3) . In 
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addition, this cell line does not endogenously produce 
detectable levels of either the erythropoietin receptor 
(EPOR) or the epidermal growth factor receptor (EGFR) . 
The cells, were cultured in Standard Medium 
5 consisting of RPMI 1640 medium (Gibco/BRL, Grand Island, 
NY) supplemented with 10% heat inactivated fetal bovine 
serum <Hyclone, Logan, UT) and 100 pg/ml recombinant 
murine interleukin 3 (IL-3; Peprotech, Rockyhill, NJ) . 
The cultures were kept in an incubator at 37° C and 5% 
10 C02 f and were routinely passaged by dilution into fresh 

medium about once per week to maintain the density 
between 10* and 106 cells /ml. 



2. pNA Constructs 

15 two EGFR/ EPOR hybrid receptor DNA constructs were 

prepared. The receptors encoded in these constructs are 
depicted in Figure 1. Both of the hybrids contained the 
extracellular domain of EGFR from amino acids -24 to 620 
(where -24 through -1 are the signal sequence amino 

20 acids for EGFR; see Lin et al. r Science , 224:843-848 

[1984]). One of the hybrids, called EECA, contained the 
transmembrane and cytoplasmic domain of murine EPOR/ 
spanning from amino acids 225-483 of EPOR. The other 
hybrid, EECB, contained a larger portion of the murine 

25 EPOR sequence and included the highly conserved amino 
acid motif WSXWS (W = tryptophan; S = serine; X is any 
amino acid) , which is the first portion of the 
extracellular domain of EPOR. This hybrid receptor 
contained amino acids 201-483 of EPOR. 

30 Human EGFR cDNA was obtained from a human placenta 

library prepared in the pSPORT vector {Gibco/BRL, Grand 
Island, NY) by probing the library with a 400 base pair 
cDNA probe. The cDNA probe was obtained by PCR 
amplification of a 400 base pair fragment of an EGFR 

35 cDNA sequence. The PCR probes were selected based on 



WO 94/29458 



FCT/US94/06280 



- 24 - 

the published EGFR sequence (Lin et al., Science, 
224:843-848 [1984]). These probes are set forth below: 

Probe 1 (SEQ ID N0:1) : 

5 

5 1 -AAGATCAAAGTGCTGGGCTCCGGT-3 1 

Probe 2 (SEQ ID NO: 2) : 

10 5 1 -ATGGTATTCTTTCTCTTCCGC-3 * 

The murine EPOR full length cDNA sequence was 
obtained as follows: Human fetal liver mRNA (Clonetech, 
Palo Alto, CA, catalog number 6527-2) was reverse 

15 transcribed into cDNA using reverse transcriptase and a 
primer based on the published sequence of human EPOR 
(Jones et al., Blood, 76:31-35 [1991]). The cDNA was 
amplified using PCR and specific primers for the 3 f and 
5' regions of the cDNA based on the same EPOR published 

20 sequence. The EPOR sequence was inserted into the 

vector PRC/CMV (InVitrogen Corp, San Diego, CA; catalog 
number V750-20) . 

The EECA construct was prepared using a two step 
PCR (polymerase chain reaction) technique as described 

25 by Higuchi (PCR Protocols: A Guide to Methods and 

Applications, M. Innis et al,, eds. Academic Press, NY, 
pp. 177-183 [1989]). For all PCR reactions, 75 ng of 
cDNA template was added to 100 nl of PCR reaction mix 
containing 1 unit of Deep vent polymerase (New England 

30 Biolabs, Beverly, MA) , 1 X Deep vent buffer, 200 pM of 
each nucleotide triphosphate and 20 pmol of each primer. 
Each reaction was cycled 20 times. 

The first step of this process was conducted to 
obtain the appropriate cDNA fragments of both EGFR and 

35 EPOR. The following primers were used with EGFR cDNA as 
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a template to obtain the EGFR extracellular domain 
linked to a portion of EPOR: 

Primer A (SEQ ID NO: 3) : 

5 

5 1 -GCCAACGCCACAACCACCGCGCGCGGCCGCCTGACTCCG-3 1 

Primer B (SEQ ID NO: 4) : 

10 5 1 TGAGAGACAGCGTCAATATTAGCGGGATCTTAGGCCCATT-3 1 

Primer A corresponds to nucleotides -86 to -48 of 
the coding strand of EGFR with the exception of 
nucleotides -58 and -64 which were changed from C to G 

15 to generate a Not J restriction site. Primer B 

corresponds to nucleotides 768-747 of the non-coding 
strand of EPOR and nucleotides 1932-1915 of the non- 
coding strand of EGFR, with the exception of nucleotides 
749 and 752 which were both changed to A to generate a 

20 Sspl restriction site. The cycle sequence for PCR was 
96°C for 15 sec, 68°C for 30 sec, and 72°C for 2 
minutes . 

To obtain the appropriate portion of EPOR 
intracellular domain cDNA for this hybrid receptor, the 
25 following two primers were used in the first step of the 
PCR process: 

Primer C (SEQ ID NO: 5) : 

30 5 ' -AATGGGCCTAAGATCCCGCTAATATTGACGCTGTCTCTCA-3 ' 

Primer D (SEQ ID NO: 6) : 



35 



5 ' -AG CAGCCAC AG C T GGAAG T T AC - 3 1 
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Primer C is the complement to primer B, and primer 
r D corresponds to EPOR sequence downstream of a unique 
Bglll restriction site. For generation of this DNA 
fragment, the PCR cycle sequence was 96°C for 15 sec, 
5 64°C for 30 sec, and 72°C for 1 minute. 

The DNA fragments from each of the above PCR 
reactions were purified using standard agarose gel 
electrophoresis methods for extraction and purification. 
The second step of the two-step PCR process was then 
10 conducted with these DNA fragments and primers A and D 
above. The PCR cycle sequence for this step was 96°C 
for 15 sec, 64°C for 30 sec, and 72°C for 2 minutes. 

The EECB construct was prepared using the same two- 
step PCR procedure (Higuchi, supra) under the same 
15 reaction conditions as set forth above. Four primers 
were used to generate the appropriate cDNA fragments. 

To obtain the EGFR extracellular domain sequence, 
primer A (set forth above) was used with primer E and 
the EGFR cDNA for PCR amplification. 

20 

Primer E (SEQ ID NO: 7) 

5 ' - ACTCCAGAATCCGCTGAAGC T CGGGATC TTAGGCCCAT T - 5 1 

25 For this reaction, the PCR cycle sequence was 96°C 

for 15 sec, 68°C for 30 sec, and 72°C for 2 minutes. 

To obtain the EPOR intracellular domain including 
the WSXWS extracellular motif, EPOR cDNA was used with 
primer D (set forth above) and primer F. Primer F is 

30 the complement to primer E . 

Primer F (SEQ ID NO: 8) 

5 ' -AATGGGCCTAAGATCCCGAGCTTCAGCGGATTCTGGAGT-3 1 

35 
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For this reaction, the PCR cycle sequence was 96°C 
for 15 sec, 64°C for 30 sec, and 72°C for 2 minutes. 

The second step of the two-step PCR process to 
generate the EECB construct was performed using the DNA 
5 fragments (agarose gel purified) from the two primary 
reactions in conjunction with primers A and D. The PCR 
cycle sequence was 96°C for 15 sec, 64°C for 30 sec, 
and 72°C for 2 minutes. 

The hybrid receptor DNA constructs EECA and EECB 
10 were assembled using standard ligation methods into the 
vector pUC19 (New pngland' Biolabs, Beverly^ MA) . The 
vectors containing the inserts were then transformed 
into E. coli cells strain DH5 alpha for amplification. 
The plasmids were then purified using Qiagen columns 
15 (Qiagen, Chatsworth, CA) and the inserts were subcloned 
into the vector pLJ (also referred to as DOL"; Korman et 
al., Proc. Natl. Acad. USA, 84:2150-2154 [1987]). This 
vector contains a neomycin resistance gene which affords 
selection for transformants using the antibiotic G418. 

20 

3. DNA Construct Transfection 

The EECA and EECB constructs were transfected into 
the cultured 32D cells using the technique of 
electroporation. Prior to electroporation, the cells 

25 were grown to a density of about 1 X 10 6 cells per ml 
and harvested by centrifugation at about 2,000 rpm in a 
clinical centrifuge for about 10 min. Next, the cells 
were washed twice by resuspending them in about 50 ml of 
electroporation medium (RPMI 1640, plus 10 ng/ml IL-3 

30 and 10 mM HEPES buffer) . After washing, the cells were 
resuspended in electroporation media at a density of 
about 1.25 X 10 7 cells/ ml. About 0.8 ml of the 
resuspended solution of cells (0.8 ml was about 10 7 
cells) were transferred to a 4 mm electroporation 

35 cuvette (BioRad Laboratories, Richmond, CA) . The 
cuvette was placed on ice. About 20 \xg of each DNA 
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construct, prepared as described above using Qiagen 
columns (Qiagen, Chatsworth, CA) was added to cells and 
mixed gently. Each cuvette of cells was trans fected 
with one construct. The electroporations were carried 
5 out using the Biorad Gene Pulser electroporation 
apparatus at about 25 \iF and 1.2 )tV, following the 
manufacturer's instructions. Immediately after 
electroporation, the cuvettes were placed on ice for 5- 
10 minutes. The cells were then gently pipetted into 

10 100 mm Falcon petri dishes containing 25 ml of prewarmed 
Standard Medium. These cells were then placed in an 
incubator at 37° C and 5% CO2 overnight After the 
incubation, the cells were collected by centrifugation 
by spinning in a table top centrifuge at 2,000 rpm for 

15 about 10 min at room temperature. The pelleted cells 
were then resuspended in 25 ml of a Selective Medium 
which was Standard Medium plus 750 jig/ml G418 
(Genet icin, obtained from Gibco/BRL, Grand Island, NY) . 
Approximately 1 ml of these transfected cells were 

20 plated out in each well of 24 well Falcon plates and 
incubated at 37° C in 5 % CO2. After 24 hours, each 
well was topped off with an additional 1 ml of Selective 
Medium, and the cells were then returned to the 
incubator. Those cells that had been transformed with 

25 the various DNA constructs could be identified after 

about one and one half to two weeks of culturing by cell 
colony formation in the wells. Approximately 1 in 1000 
cells were transformed. All cells transformed with the 
same DNA were pooled and passaged in Selective Medium as 

30 described above. 



4. Hybrid Receptor Activity Assay 

To identify those cells expressing the hybrid 

receptors on the plasma membrane, the cells were either 
35 analyzed by fluorescent activated cell sorting (FACS) , 

or by growth factor selection, or by both methods. 
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The cells to be sorted by FACS were prepared by 
washing twice in a standard solution of phosphate 
buffered saline supplemented with 2% fetal calf serum 
(Gibco/BRL, Grand Island, NY) . This solution was called 
5 PBSS. The cells were incubated with a first monoclonal 
antibody, called Abl, which is directed to the 
NH2 -terminus of EGFR (Antibody Abl; obtained from 
Oncogene Sciences, Manhasset, NY) . Abl was diluted in 
PBSS to a concentration of 2.5 jig/ml, and 40 ml of this 

10 antibody solution was added to the cells to give a final 
density of about 1 X 106 cells per ml. The cells were 
incubated with this antibody for 1 hour at 4° C. Excess 
Abl and/or non-specific binding of Abl was eliminated by 
washing the cells twice in 50 ml of PBSS. Binding of 

15 this antibody was visualized with a second antibody 

directed to Abl. This second antibody was a goat-anti- 
mouse IgG fluorescein isothiocyanate conjugated antibody 
(Southern Biotechnology Associates, Birmingham, AL) . 
About 40 ml of this antibody at a concentration of 2.5 

20 ng/ml was added to the cells, and the cells were 

incubated at about 4° C for about 1 hour. After the 
incubation, the cells were washed as above in PBSS. The 
cells were sorted using a Becton Dickinson FACS-Star 
Plus (San Jose, CA) following the manufacturer's 

25 guidelines. Sorting was based on the relative 
fluorescense of transfected cells as compared to 
untransfected cells. The sorted cells were allowed to 
recover in normal medium. 

Growth factor selection of the cells was a second 

30 means used to enrich for those cells expressing the 
transfected hybrid receptor DNA. Both FACS sorted 
cells (transfected with either EGFR DNA, EECA DNA, or 
EECB DNA) and unsorted cells (transfected with EPOR DNA) 
were depleted of IL-3 by washing the cells twice in a 

35 standard solution of PBS followed by a 3 hour incubation 
in RPMI-1640 at 37° C. Finally, the cells were washed 
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again in PBS. After washing, the cells were seeded into 
6 well cell culture plates at a concentration of about 5 
x 104 cells/ml in RPMI-1640 supplemented with 10% heat 
inactivated calf serum in the absence of added factors 
5 or in the presence of either 100 ng/ml IL-3, recombinant 
TGF-alpha at 100 ng/ml, recombinant human erythropoietin 
at 100 jig/ml (Epogen® erythropoietin, Amgen Inc., 
Thousand Oaks, CA) or recombinant human epidermal growth 
factor at 100 ng/ml (EGF, Amgen Inc., Thousand Oaks, 

10 CA) . Cell growth was monitored over time by sampling 
the cultures about every other day and counting the 
cells with an automated Coulter cell counter. 

The activity of the hybrid receptors is shown in 
Figure 2. A large proportion of the cells expressing 

15 either the EPO receptor or the EGF receptor constructs 
were able to grow in the absence of IL-3 when EPO or 
EGF, respectively, were added to the growth medium. 
Wild-type cells and those cells trans fected with control 
DNA only could not survive in the absence of IL-3. The 

20 EECA and EECB constructs were able to grow and survive 
in the absence of IL-3 when EGF was added to the culture 
medium. 

All literature cited herein is specifically 
25 incorporated by reference. 
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(C) CLASSIFICATION: (leave blank if not known) 



(2) INFORMATION FOR SEQ ID NO:l: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

AAGATCAAAG TGCTGGGCTC CGGT 24 

(3) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
ATGGTATTCT TTCTCTTCCG C 21 



(4) INFORMATION FOR SEQ ID NO: 3 : 
(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GCCAACGCCA CAACCACCGC GCGCGGCCGC CTGACTCCG 39 



(5) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TGAGAGACAG CGTCAATATT AGCGGGATCT TAGGCCCATT 40 
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(6) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AATGGGCCTA AGATCCCGCT AATATTGACG CTGTCTCTCA 40 

(7) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGCAGCCACA GCTGGAAGTT AC 22 



(8) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
ACTCCAGAAT CCGCTGAAGC TCGGGATCTT AGGCCCATT 39 
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(9) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single stranded 
<D> TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AATGGGCCTA AGATCCCGAG CTTCAGCGGA TTCTGGAGT 39 
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WE CLAIM: 

1. A biologically active hybrid receptor 
comprising an extracellular domain and an intracellular 
5 domain, wherein one of the domains is derived from a 
member of the hematopoietic cytokine family of 
receptors, and the other domain is derived from a 
heterologous receptor family. 

10 2. The hybrid receptor of claim 1 comprising EPOR 

extracellular domain and ANPKB intracellular domain. 

3. The hybrid receptor of claim 2 further 
comprising ANPRB transmembrane domain. 

15 

4 . The hybrid receptor of claim 1 comprising EGFR 
extracellular domain and EPOR intracellular domain. 

5. The hybrid receptor of claim 4 further 
20 comprising EPOR transmembrane domain. 

6. The hybrid receptor of claim 5 wherein EPOR 
intracellular domain includes the WSXWS sequence. 

25 7. A nucleic acid sequence encoding a biologically 

active hybrid receptor comprising an extracellular 
domain and an intracellular domain, wherein one of the 
domains is derived from a member of the hematopoietic 
cytokine family of receptors, and the other domain is 

30 derived from a heteroldgous receptor family. 

8. The nucleic acid sequence of claim 7 wherein 
the hybrid receptor comprises EPOR extracellular domain 
and ANPRB intracellular domain. 



f 



■ ) 




WO 94/29458 



PCT/US94/06280 



- 36 - 



10 



15 



20 



25 



9. The nucleic acid sequence of claim 8 wherein 
the hybrid receptor further comprises the ANPRB 



transmembrane domain. 

10. The nucleic acid sequence of claim 7 wherein 



and EPOR intracellular domain. 

11. The nucleic acid sequence of claim 10 wherein 
the hybrid receptor further comprises EPOR transmembrane 
domain . 

12. The nucleic acid sequence of claim 11 wherein 
the EPOR intracellular domain includes the WSXWS 
sequence . 

13. A vector comprising the nucleic acid sequence 
of claim 7. 

14. A vector comprising the nucleic acid sequence 
of claim 8. 

15. A vector comprising the nucleic acid sequence 
of claim 9. 

16. A vector comprising the nucleic acid sequence 
of claim 10. 

17. A vector comprising the nucleic acid sequence 
of claim 11. 

18. A vector comprising the nucleic acid sequence 
of claim 12. 




the hybrid receptor comprises EGFR extracellular domain 



35 19. Eukaryotic cells trans fected with DNA encoding 

the hybrid receptor of claim 1. 
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20. Eukaryotic cells transfected with DNA encoding 
the hybrid receptor of claim 2. 

21* Eukaryotic cells transfected with DNA encoding 
5 the receptor of claim 3. 

22. Eukaryotic cells transfected with DNA encoding 
the receptor of claim 4. 

10 23. Eukaryotic cells transfected with DNA encoding 

the receptor of claim 5. 

24. Eukaryotic cells transfected with DNA encoding 
the receptor of claim 6. 

15 

25. The eukaryotic cells of claim 19 that are 32D 
cells. 

26. The eukaryotic cells of claim 20 that are 32D 
20 cells. 

27. The eukaryotic cells of claim 21 that are 32D 
cells. 

25 28. The eukaryotic cells of claim 22 that are 32D 

cells. 

29. The eukaryotic cells of claim 23 that are 32D 
cells. 

30 

30. The eukaryotic cells of claim 24 that are 32D 
cells. 



31. 

35 cells. 



The eukaryotic cells of claim 19 that are COS-7 



3< 
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32. The eukaryotic cells of claim 20 that are COS-7 
cells. 

33. The eukaryotic cells of claim 21 that are COS-7 
5 cells. 

34. The eukaryotic cells of claim 22 that are COS-7 
cells. 

10 35. The eukaryotic cells of claim 23 that are COS-7 

cells . 

36. The eukaryotic cells of claim 24 that are COS-7 
cells. 

15 

37. A method of identifying a ligand for a 
biologically active hybrid receptor comprising an 
extracellular domain and an intracellular domain, 
wherein one of the domains is derived from a member of 

20 the hematopoietic cytokine family of receptors, and the 

other domain is derived from a heterologous receptor 

family, comprising: 

(a) contacting the binding site of the hybrid 

receptor with said ligand; and 
25 (b) detecting a cellular response to the 

ligand. 
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23. An antibody immunospecific for the polypeptide or immunological fragment as 
claimed in any one of claims 1 to 5. 

24. A method of diagnosing a Neisseria meningitidis infection, comprising identifying a 
5 polypeptide as claimed in any one of claims 1 - 5, or an antibody that is immunospecific 

for said polypeptide, present within a biological sample from an animal suspected of 
having such an infection. 

25. Use of a composition comprising an immunologically effective amount of a 

10 polypeptide as claimed in any one of claims 1-5 in the preparation of a medicament for 
use in generating an immune response in an animal. 

26. Use of a composition comprising an immunologically effective amount of a 
polynucleotide as claimed in any one of claims 6-15 in the preparation of a medicament 

1 5 for use in generating an immune response in an animal. 

27. A therapeutic composition useful in treating humans with Neisseria meningitidis 
disease comprising at least one antibody directed against the polypeptide of claims 1 - 5 
and a suitable pharmaceutical carrier. 

20 
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1 6. An expression vector or a recombinant live microorganism comprising an isolated 
polynucleotide according to any one of claims 6-15. 

1 7. A host cell comprising the expression vector of claim 16 or a subcellular fraction or a 
5 membrane of said host cell expressing an isolated polypeptide comprising an amino acid 

sequence that has at least 85% identity to the amino acid sequence selected from the group 
consisting of: SEQ ID NO:4 or SEQ ID NO:6. 

18. A process for producing a polypeptide comprising an amino acid sequence that has at 
1 0 least 85% identity to the amino acid sequence selected from the group consisting of SEQ 

ID NO:4 or SEQ ID NO:6 comprising culturing a host cell of claim 17 under conditions 
sufficient for the production of said polypeptide and recovering the polypeptide from the 
culture medium. 

15 1 9. A process for expressing a polynucleotide of any one of claims 6-15 comprising 
transforming a host cell with the expression vector comprising at least one of said 
polynucleotides and culturing said host cell under conditions sufficient for expression of 
any one of said polynucleotides. 

20 20. A vaccine composition comprising an effective amount of the polypeptide of any 
one of claims 1 to 5 and a pharmaceutically acceptable carrier. 

2 1 . A vaccine composition comprising an effective amount of the polynucleotide of any 
one of claims 6 to 15 and a pharmaceutically acceptable carrier. 

25 

22. The vaccine composition according to either one of claims 20 or 21 wherein said 
composition comprises at least one other Neisseria meningitidis antigen. 
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8. An isolated polynucleotide which comprises a nucleotide sequence which has at least 
85% identity to that of SEQ ID NO: 3 or 5 over the entire length of SEQ ID NO: 3 or 5 
respectively; or a nucleotide sequence complementary to said isolated polynucleotide. 

5 9. The isolated polynucleotide as claimed in any one of claims 6 to 8 in which the 
identity is at least 95% to SEQ ID NO: 3 or 5. 

10. An isolated polynucleotide comprising a nucleotide sequence encoding the polypeptide 
of SEQ ID NO:4 or SEQ ID NO:6. 

10 

U . An isolated polynucleotide comprising the polynucleotide of SEQ ID NO:3 or SEQ 
ID NO:5. 

1 2. An isolated polynucleotide comprising a nucleotide sequence encoding the polypeptide 
1 5 of SEQ ID NO:4 or SEQ ID NO:6, obtainable by screening an appropriate library under 

stringent hybridization conditions with a labeled probe having the sequence of SEQ ID 
NO:3 or SEQ ID NO:5 or a fragment thereof. 

13. An isolated polynucleotide comprising a nucleotide sequence encoding the polypeptide 
20 ofSEQIDNO:2. 

1 4. An isolated polynucleotide comprising the polynucleotide of SEQ ID NO: 1. 

15. An isolated polynucleotide comprising a nucleotide sequence encoding the polypeptide 
25 of SEQ ID NO:2, obtainable by screening an appropriate library under stringent 

hybridization conditions with a labeled probe having the sequence of SEQ ID NO: 1 or a 
fragment thereof. 
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CLAIMS 

1 . An isolated polypeptide comprising an amino acid sequence which has at least 85% 
identity to the amino acid sequence selected from the group consisting of: SEQ ID NO:2, 

5 SEQ ID NO:4 and SEQ ID NO:6. 

2. An isolated polypeptide as claimed in claim 1 in which the amino acid sequence has at 
least 95% identity to the amino acid sequence selected from the group consisting of: SEQ 
ID NO:2, SEQ ID NO:4 and SEQ ID NO:6. 

10 

3. The polypeptide as claimed in claim 1 comprising the amino acid sequence selected 
from the group consisting of: SEQ ID NO: 2, SEQ ID NO:4 and SEQ ID NO:6. 

4. An isolated polypeptide of SEQ ID NO:2, SEQ ID NO:4 and SEQ ID NO:6. 

15 

5. An immunogenic fragment of the polypeptide as claimed in any one of claims 1 to 4 in 
which the immunogenic activity of said immunogenic fragment is substantially the same 
as the polypeptide of SEQ ID NO:2, SEQ ID NO:4 or SEQ ID NO:6. 

20 6. An isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide 
that has at least 85% identity to the amino acid sequence of SEQ ID NO: 4 or 6 over the 
entire length of SEQ ID NO: 4 or 6 respectively; or a nucleotide sequence complementary 
to said isolated polynucleotide. 

25 7. An isolated polynucleotide comprising a nucleotide sequence that has at least 85% 
identity to a nucleotide sequence encoding a polypeptide of SEQ ID NO: 4 or 6 over the 
entire coding region; or a nucleotide sequence complementary to said isolated 
polynucleotide. 
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Applicant's or agent's 


Imemationai application No. ~ 


filereference KLP/BM45339 





INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 

(PCT Rule llbis) 



A. The indications made below relate to the deposited microorganism or other biological material referred to in the description 
on page 63 t line 3-22 

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet Q 
Name of depositary institution 

AMERICAN TYPE CULTURE COLLECTION 

Address of depositary institution {including postal code and country) 

10801 UNIVERSITY BLVD. MANASSAS , VIRGINIA 20110-2209 
UNITED STATES OF AMERICA 



Dateofdeposit ^ ^ ^ {12 ^7) 



Accession Number , _ 
13090 



C ADDITIONAL IND (CATIONS (leave blank if not applicable) This information is coniinued on an additional sheet 



In respect of those designations where a European Patent is sought, a sample 
of the deposited microorganism will be made available until the publication 
of the mention of the grant of the European Patent or until the date on which 
the application has been refused or withdrawn, only by issue of such a sample 
to an expert nominated by the person requesting : the -sample. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., -.Accession 
Number of Deposit") 



fv] This sheet was received with the international application 




1~1 This sheet was received by the International Bureau on: 


Authorized officer 

1 — " * ^ "VJVTfS 1 


Authorized officer 
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Deposited materials 

A deposit containing a Neisseria meningitidis Serogroup B strain has been deposited with 
the American Type Culture Collection (herein "ATCC") on June 22, 1997 and assigned 
5 deposit number 13090. The deposit was described as Neisseria meningitidis (Albrecht and 
Ghon) and is a freeze-dried, 1.5-2.9 kb insert library constructed from N meningitidis 
isolate. The deposit is described in Int. Bull. Bacteriol. Noraencl. Taxon. 8: 1-15 (1958). 

The Neisseria meningitidis strain deposit is referred to herein as "the deposited strain" or as 
1 0 "the DNA of the deposited strain." 

The deposited strain contains the full length BASB040 gene. The sequence of the 
polynucleotides contained in the deposited strain, as well as the amino acid sequence of any 
polypeptide encoded thereby, are controlling in the event of any conflict with any 
1 5 description of sequences herein. 

The deposit of the deposited strain has been made under the terms of the Budapest Treaty on 
the International Recognition of the Deposit of Micro-organisms for Purposes of Patent 
Procedure. The strain will be irrevocably and without restriction or condition released to the 
20 public upon the issuance of a patent. The deposited strain is provided merely as 
convenience to those of skill in the art and is not an admission that a deposit is required for 
enablement, such as that required under 35 U.S.C. §112. 
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AADLSENKAAGFALFKNKSPDTESVKLKPKFPVLIDTQDSEIKDMVEEHLPLITQQQEEVLDKEQTGFIAEEAPDNVKTM 

LRSKGYFSSKVSLTEKDGAYTVHITPGPRTKIANVGVAILGDII^DGNLAEYYR^^ 

LGAVTRKAYPLAKl^NTQAAVNPDTATADLNVV^ 

ALEQNGHYSGASVQADFDRLOGDRVPVKVSVTF/VTGiHKLETGIRl^SEYGIGGKIAYDYYNLF 

TLAAGISQPRNYRGNYWTSNVSYNRSTTQNLEKR^ 

ASWKRQLLNNVLHPENGHYLDGKIGTTLGTFXSSTALIR^ 

FRSGGASSVRGYELDSIGLAGPNGSVLPERALLVGSLEYQLPFTRTLSGAVFHDMGDAAANFKRMKLKHGSGLGVRWFSP 
LAP FS FDI AYGHS DKKI RWH I SLGTRF 

SEQ D) NO:7 

GGG CCG CAA CCT CCG AAA TA 
SEQ ID NO:8 

CGA GCC AGC CGA GGA AAC ATA 



SEQ ID NO:9 

CAT AGC ACC ATG GCC GCC GAC CTT TCC GA 
SEQ ID NO: 10 

CTA GTC TAG ATT AGA AGC GTG TTC CCA AGC 
SEQ ID NO:ll 

Neisseria meningitidis polynucleotide sequence up-stream of the BASB040 gene sequence, in 
strain ATCC 13090 

AAACGGATAATCCATTTCACGACGCTGGAAACCGCTT 

ATTCCGCAACGCCGCGCCCAAAACCAAAGCCCAAGCCAAAATGCCGATATAGTTGGCATTGGCAATCGCGTTAATCGGGT 

TGGCGACCAGGTTCATCAGCAGCGATTTCAACACTTCCACAATGCCGGAAGGCGGCGCGGCGGACACATCGCCCGCGCCC 

GCCAAAACAATGTGCGTCGGGAAAACCATACCGGCGATGACGGCGGTCAGGGCTGCGGAAAACGTACCAATGAGGTAAAG 

GATGATAATCGGCCTGATATCCGCL1 ibi 1GCC1 1 1 1 1GGTGCTGCGCGATTGTGGCCGCCACCAAAATAAATACCAAAA 

CCGGCGCGACCGCTTTGAGCGCGCCGACAAACAGGCTGCCGAACAAGCCTGCCGCCAAGCCCAGTTGC 

CCGATTACGATGCCCAACGCCAAACCGGCGGC^TCTGCCTGACCAGGCT^ 

GCCGAACGCCATAATTCTTCCTTATGTTGTGATATGTTAAAAAATGTTGTATTTT^ 

1111 IAI III 1CGGCTGTGTTTTAAGGTTGCGTTGATTTGCCCTATGCAGTGCCGGACAGGCTTTGCTTTATCATTCGGC 

GCAACGGTTrAATTTATTGAACGAAAATAAATTTATTTAATCCT^ 

TTTCCATATGCGGATTGGAAACAAAATACCTTAAAACAAGCAGATACATTTCCGGCGG^ 

CGGCAGTATGCCGTCTGAAGTGTCCCGCCCCGTCCGAACAACACAAAAACAGCCGTTCGAAACCCTGTCCGAACAGTGTT 
AGAATCGAAATCTGCCACACCGATGCACGACACCCGTACC 



-62- 



WO 00/34480 



PCT/EP99/09560 



EVLDKEQTGFIAEEAPDNVKTMIJISKGYFSSKVSLTEK1X3A^ 

^QQPVGSDFDQDSWE^SKTSVl^VTRKGyPLAKI^NTRAAVNPDTATTOLN^ 

SGIJ^FQPGTPYDLDLIXDFQQAI^QNGHYSGASVQADFDRLQGDRWVKVSVTEVKRHK^ 

YYNLFNKGYIGSVVWDMDKYETTIJ^ISQPR^ 

AEGRKIPGSDIDU^SHATtO-TASWKRQIXNNVItfPEN^^ 

1 1 RGQAG YTVARDNADVPSGLMFRSGGASSVRGYELDS IGLAGPNGSVLPERALLVGSLEYOLPFTRTLSGAVFHDMGDA 
AANFKRMKLKHGSGLGVRWFSPLAPFSFDIAYGHSDKKIRWHISLGTRF 



SEQ ID NO:5 

Neisseria meningitidis BASB040 polynucleotide sequence from strain H44/76 

GCCGCCGACCTTTCCGAAAACAAGGCGGCGGG7TTCGCATO 
AAAACCCAAATTCCCCGTCCTCATCGACACGCAGGACAGTGAAAT 

CG CAGCAGCAGGAAGAAGTATTGGACAAGCAACAGACGGGCTTCCTCG CCGAAGAAGCG CCGGACAACGTTAAAACGATG 
CTCCGCAGCAAAGGCTATTTCAGCAGCAAAGTCAGCCTGACGGAAAAAGACGGAGCTT 
CCCGCGCACC^AAATCGCCAACGTCGGCGTCGCCATCCTCGGCGACATCCTTTCAGAC^ 
GCAACGCGCTGGAAAACTGGCAGCAGCCGGTAGGCAGCGATTTCGATCAGGACAGTTG^ 

CTCGGCGCGGTAACGCGCAAAGCCTACCCGCTTGCCAAGCTCGGCAATACGCAGGCGGCCGTCAACCCCGATACCGC 
CGCCGATTTGAACGTCGTCGTGGACAGCGGCCGCCCCATCGCCTTCGGCGACTTTGJU^ 
CCGAACAAATCGTCTCCGGCCTTGCGCGTTTCCAGCCCGGTATGCCGTA 
GCGCTTCGAACAAAACGGGCATTATTCCGGCGCGTCCGTACAAGCTC 

CAAAGTCAGCGTAACD3AGGTCAAACGCCACAAACTCGAAACCGGCATCCGCCTCGATTCG^ 
AAATCGCCTACGACTATTACAACCTCTTCAACAAAGGCTATATCGGTTCGGTCGTCTGGGATATGG^ 
ACGCTTGCCGCCGGCATCAGCCAGCCGCGCAACTATCGGGGCAACTACTGGACAAGCAACGTT^ 
CACCCAAAACCTCGAAAAACGCGCCTTCTCCGGCGGCGTCTGGTATGTGCGCGACCGCGCGGGCATCGATC 
GGGCGGAATTTCTCG CAGAAGGCCGGAAAATCCCCGGCTCGGCTGTCGATTTGGGCAACAGCCACG CCACGATGCTGACC 
GCCT CTTGGAAACGCCAG CTGCT CAACAACGTG CTG CAT C CCGAAAACGG C CATTAC CTCG ACGGCAAAATCGGT ACG AC 
TTTGGGCACATTCCTG7CCTCCACCGCGCTGATCCGCACCTCTGCCCGTGCAGGTTA'i l '' l ' <- !'l ICACGCCCGAAAACAAAA 
AACTCGGCACG7TCATCATACGCGGACAAGCGGGTTACACOT 

TTCCGCAGCGGCGGCGCGTCTTCCGTGCGCGGTTACGAACTCGACAGCATCGGACTTGCCC<;CCCGAACGGATCGGTCCT 
GCCCGAACGCGCCCTCCTGGTGGGCAGCCTGGAATACCAACT 

ATATGGGCGATGCCGCCGCCAATTTCAAACGTATGAAGCTGAAACy^CGGTTCGGGACTGGGCGTGC 

CTTGCGCCGTTTTCCTTCGACATCGCCTACGGGCACAGCGATAAGAAAATCCGCT 

CTAA 

SEQ ID NO:6 

Neisseria meningitidis BASB040 polypeptide sequence deduced from the polynucleotide of 
SeQ ID NO:5 
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SGIJUlFQPGTPVDIiDIJ^FQQAI^QNGHYSGASVQADFDRLQGDRVPVKVSVTE^KRHK 
LETGIRLDS EYGLGGKI AYDYYNLFNKGYI GSVVWDMDKYETTLAAG ISQPRNYRGNYWT 
SNVSYNRSTTQNLEKRAFSGGIWYVRDRAGIDARIX3AEFT^ 

LTAS WKRQLLNNVLHP ENGHVUDGKIGTTLGT FLS S TAL IRTS ARAG YFFT PENKKLGTF 

5 I IRGQAGYTVARDNADVPSGLMFRSGGASSVRGYELDSIGLAGPNGSVLPERALLVGSLE 

YQLPFTRTLSGAVFHDMGDAAANFKRMKLKHGSGLGVRWFS PLAPFS FDI AYGHSDKKIR 
WHISLGTRF 

SEQ ID NO:3 

1 0 Neisseria meningitidis BASB040 polynucleotide sequence from strain ATCC 13090 

ATGATGATCAAACCGACCGCCCTGCTCCTGCCGGCTTTATTTTTCTTTCCGCACGCATACG CG CCTGCCGCCGACCTTTC 
CGAAAACAAGGCGGCGGGTTTCGCATTGTTCAAAAACAAAAGCCCCGACACCGAATCAGTTAAATTAAA^ 
CCGTCCGCATCGACACGCAGGATAGTGAAATCAAAGATATGGTCGAAGAACACCTGCCGCTCATCACGCAGCAGC^ 
1 5 GAAGTATTGGACAAGGAACAGACGGGCTTCCTCGCCGAAGAAGCACCGGACAACGTTAAAACCATGCTCCG 
CTATTTCAGCAGGAAAGTCAGCCTGACGGAAAAAGACGGAGCTTATAC^ 

TCGCCAACGTCGGTGTCGCCATCCTCGGCGACATCCTTTCAGACGGCAACCTCGCCGAATACTACCGCAACGCGCTGGAA 

AACTGGCAGCAGCCGGTAGGCAGTGATTTCGATCZAGGACAGTTGGGAAAACAGCAAAACTTCCGT 

GCGCAAAGGCTACCCGCTTGCCAAGCTCGGCAACACCCGGGCGGCCGTCAACCCCGATACCGCCACCGTOTATTTGAACG 

20 TCGTCGTGGACAGCGGCCGCCCCATCGCCTTCGGCGACTTTGAAATCACCGGCACACAGCGTTACCCCGAACAAATCGTC 
TCCGGCCTGGCGCGCTTCCAACCGGGCACGCCCTACGACCTCGACCTGCTGCTCGACTTCCAACAGGCACTCG 
CGGGCATTATTCCGGCGCGTCCGTACAAGCCGACTTCGACCGTCTCCAAGGCGACCGCGTCCCCGTCAAAGTCM 
CCGAGGTCAAACGCCACAAGCTCGAAACCGGCATCCGCCTCGATTCGGAATACGGTTTGGGCGGCA 
TATTACAACCTCTTC^CAAAGGCTATATCGGCTCGGTCGTCT^ 

25 CATCAGCCAGCCGCGCAACTATCGCGGCAACTACTGGACAAGCAACGTTTCCT^ 

AAAAACG CG CCTTCTC CGGCGG CATCTGG TATG TG CG CGACCG CGCGGG CAT CGATG CCAGG CTGGGGG CAGAGTTTCT C 
GCAGAAGGCCGGAAAATCCCCGGCTCGGATATCGATTTGGGCAACAGCC^ 

CCAGCTG CTCAACAACGTGCTGCATCCCGAAAACGGCCATTACCTCGACGG CAAAATCGGTACGACTTTGGGCACATTCC 
TGT CCTCCACCG CGCTGATCCG CACCTCTGCCCGTGCAGGTTATTTCTTCACG CCCGAAAACAAAAAACTCGGCACGTTC 
30 ATCATACGCGGACXAGCGGGT/TACACCGTTGCCCGCGACAATGCCGACGTTCCTTCAGGGCTGATGTTCCGCAGCGGCGG 
CGCGTCTTCCGTGCGCGGTTACGAACTCGACAGCATCGGACTTGCCGGCCCGAACGGATCGGTCCTGCCCGAACGCGCCC 
TCCTGGTGGGCAGCCTGGAATACCAACTGCCGTTTACGCGCACCCTTTCCGGCGCGGTGTTCCACGATATGGGCGATGCC 
GCCGCCAATTTCAAACGTATGAAGCTGAAACACGGTTCGGGACTGGG CGTGCG CTGGTTCAG CCCG CTTGCGCCGTTTTC 
CTTCGACAT CG C CTACGGG CACAG CG ATAAG AAAAT CCG C TG G CACATCAG CTTGGGAACACG CTT CTAA 

35 

SEQ ID NO:4 

Neisseria meningitidis BASB040 polypeptide sequence deduced from the polynucleotide of 
SeQ ID NO:3 

40 MMIKPTALLLPALFFFPHAYAPAADLSENKAAGFALFKNKSPDTESVKLKPKFPVRIDTQDSEIKDMVEEHLPLITQQOE 
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SEQUENCE INFORMATION 

BASB040 Polynucleotide and Polypeptide Sequences 



SEQ ID NO:l 

5 Neisseria meningitidis BASB040 polynucleotide sequence from strain ATCC 13090 

ATGATGATCAAACCGACCGCCCTGCTCCTGCCGGCTTTATTTTTCTTTCCGCACGCATAC 
GCGCCTGCCGCCGACCTTTCCGAAAACAAGGCGGCGGGTTTCGCATTGTTCAAAAACAAA 
AGCCCCGACACCGAATCAGTTAAATTAAAACCCAAATTCCCCGTCCGCATCGACACGCAG 

1 0 G ATAGTGAAAT CAAAGATATGGTCG AAGAACAC CTG C CGCT CATCACGCAGCAG CAGGAA 
GAAGTATTGGACAAGGAACAGACGGGCTTCCTCGCCGAAGAAGCACCGGACAACGTTAAA 
ACCATGCTCCGCAGCAAAGGCTATTTCAGCAGCAAAGTCAGCCTGACGGAAAAAGACGGA 
GCTTATACGGTACACATCACACCGGGCCCGCGCACCAAAATCGCCAACGTCGGTGTCGCC 
ATCCTCGGCGACATCCTTTCAGACGGCAACCTCGCCGAATACTACCGCAACGCGCTGGAA 

1 5 AACTG GCAGCAGC C GGTAGG CAG TGATTT CGATCAGGACAGTTGGGAAAACAG CAAAACT 
TCCGTCCTCGGCGCGGTAACGCGAAAAGGCTACCCGCTTGCCAAGCTCGGCAACACCCGG 
GCGGCCGTCAACCCCGATACCGCCACCGTCGATTTGAACGTCGTCGTGGACAGCGGCCGC 
CCCATCGCCTTCGGCGACTTTGAAATCACCGGCACACAGCGTTACCCCGAACAAATCGTC 
TCCGGCCTGGCGCGCTTCCAACCGGGCACGCCCTACGACCTCGACCTGCTGCTCGACTTC 

20 CAACAGGCACTCGAACAAAACGGGCATTATTCCGGCGCGTCCGTACAAGCCGACTTCGAC 
CGTCTCCAAGGCGACCGCGTCCCCGTCAAAGTCAGCGTAACCGAGGTCAAACGCCACAAG 
CTCGAAACCGGCATCCGCCTCGATTCGGAATACGGTTTGGGCGGCAAAATCGCCTACGAC 
TATTACAACCrCTTCAACAAAGGCTATATCGGCTCGGTCGTCTGGGATATGGACAAATAC 
GAAACCACGCTTGCCGCCGGCATCAGCCAGCCGCGCAACTATCGGGGCAACTACTGGACA 

25 AGCAACGTTTCCTACAACCGTTCGACCACCCAAAACCTCGAAAAACGCGCCTTCTCCGGC 
GGCATCTGGTATGTGCGCGACCGCGCGGGCATCGATGCCAGGCTGGGGGCAGAGTTTCTC 
GCAGAAGGCCGGAAAATCCCCGGCTCGGATATCGATTTGGGCAACAGCCACGCCACGATG 
CTGACCGCCTCTTGGAAACGCCAGCTGCTCAACAACGTGCTGCATCCCGAAAACGGCCAT 
TACCTCGACGGCAAAATCGGTACGACTTTGGGCACATTCCTGTCCTCCACCGCGCTGATC 

3 0 CGCACCTCTGCCCGTGCAGGTTAT1TCTTCACGCCCGAAAACAAAAAACTCGGCACGTTC 
ATCATACGCGGACAAGCGGGTTACACCGTTGCCCGCGACAATGCCGACGTTCCTTCAGGG 
CTGATGTTCCGCAGCGGCGGCGCGTCTTCCGTGCGCGGTTACGAACTCGACAGCATCGGA 
CTTGCCGGCCCGAACGGATCGGTCCTGCCCGAACGCGCCCTCCTGGTGGGCAGCCTGGAA 
TACCAACTGCCGTTTACGCGCACCCTTTCCGGCGCGGTGTTCCACGATATGGGCGATGCC 

3 5 GCCGCCAATTTCAAACGTATGAAGCTGAAACACGGTTCGGGACTGGGCGTGCGCTGGTTC 
AGCCCGCTTGCGCCGTTTTCCTTCGACATCGCCTACGGGCACAGCGATAAGAAAATCCGC 
TGGCACATCAGCTTGGGAACACGCTTCTAA 



SEQ ID NO:2 

40 Neisseria meningitidis BASB040 polypeptide sequence deduced from the polynucleotide of 
SeQ ID NO:l 

MMIKPTALLLPALFFFPHAYAPAADLSENKAAGFALFKNKSPDTESVKLKPKFPVRIDTQ 
DSEIKD^WEEHLPLITQC^EEVI^KEQTGFIAEEAPDNVKTMLRSKGYFSSKVSLTEKDG 
45 AYTVHITPGPRTKIANVGVAII^DILSDGNIJ^YYI^AI^NWQQPVGSDFI)QDSWENSKT 
SVLGAVTRKGYPLAKLGlTniAAVNPDTATVDLNVVVDSGRPIAFGDFEITGTQRYPEQIV 
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homologous recombination). Upregulated expression can be obtained in both the 
bacterium as well as in the outer membrane vesicles shed (or made) from the bacterium. 

In other examples, the described approaches can be used to generate recombinant 
5 bacterial strains with improved characteristics for vaccine applications. These can be, 
but are not limited to, attenuated strains, strains with increased expression of selected 
antigens, strains with knock-outs (or decreased expression) of genes interfering with the 
immune response, strains with modulated expression of immunodominant proteins, 
strains with modulated shedding of outer-membrane vesicles. 

10 

A region directly upstream of the BASB040 gene is given in the sequence of SEQ ID 
NO: 1 1 . This sequence is a further aspect of the invention. 
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by similar types of modifications. Alternatively, by changing phase variation sequences, 
the expression of the gene can be put under phase variation control, or may be 
uncoupled from this regulation. In another approach, the expression of the gene can be 
put under the control of one or more inducible elements allowing regulated expression. 
5 Examples of such regulation include, but are not limited to. induction by temperature 
shift, addition of inductor substrates like selected carbohydrates or their derivatives, 
trace elements, vitamins, co-factors, metal ions, etc. 

Such modifications as described above can be introduced by several different means. 

1 0 The modification of sequences involved in gene expression can be done in vivo by 

random mutagenesis followed by selection for the desired phenotype. Another approach 
consists in isolating the region of interest and modifying it by random mutagenesis, or 
site-directed mutagenesis, insertion or deletion mutagenesis. The modified region can 
then be reintroduced into the bacterial genome by homologous recombination, and the 

1 5 effect on gene expression can be assessed. In another approach, the sequence knowledge 
of the region of interest can be used to replace or delete all or part of the natural 
regulatory sequences. In this case, the regulatory region targeted is isolated and 
modified so as to contain the regulatory elements from another gene, a combination of 
regulatory elements from different genes, a synthetic regulatory region, or any other 

20 regulatory region, or to delete selected parts of the wild-type regulatory sequences. 

These modified sequences can then be reintroduced into the bacterium via homologous 
recombination into the genome. A non-exhaustive list of preferred promoters that could 
be used for up-regulation of gene expression includes the promoter porA, porB, IbpB, 
tbpB, pi 10, 1st, hpuAB from N. meningitidis or N. gonorroheae. 

25 

In one example, the expression of the gene can be modulated by exchanging its 
promoter with a stronger promoter (through isolating the upstream sequence of the 
gene, in vitro modification of this sequence, and reintroduction into the genome by 
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at room temperature for -3 minutes. Individual cell pellets were suspended in ~50ul of 
sterile water, then mixed with an equal volume of 2X Laemelli SDS-PAGE sample 
buffer containing 2-mercaptoethanol, and placed in boiling water bath for -3 min to 
denature protein. Equal volumes (~15ul) of both the crude arabinose-induced and the 
5 non-induced cell lysates were loaded onto duplicate 12% Tris/glycine polyacrylamide 
gel (1 mm thick Mini-gels, Novex). The induced and non-induced lysate samples were 
electrophoresed together with prestairied molecular weight markers under conventional 
conditions using a standard SDS/Tris/glycine running buffer. Following 
electrophoresis, one gel was stained with commassie brilliant blue R250 (BioRad) and 
1 0 then destained to visualize novel BASB040 arabinose-inducible protein(s). 

Example 3 : Analysis of the non-coding flanking regions of the BASB040 gene, 
and its exploitation for modulated BASB040 gene expression. 

15 

The non-coding flanking regions of the BASB040 gene contain regulatory elements 
important in the expression of the gene. This regulation takes place both at the 
transcriptional and translational level. The sequence of these regions, either upstream or 
downstream of the open reading frame of the gene, can be obtained by DNA 
20 sequencing. This sequence information allows the determination of potential regulatory 
motifs such as the different promoter elements, terminator sequences, inducible 
sequence elements, repressors, elements responsible for phase variation, the shine- 
dalgamo sequence, regions with potential secondary structure involved in regulation, as 
well as other types of regulatory motifs or sequences. 

25 

This sequence information allows the modulation of the natural expression of gene 
BASB040. The upregulation of the gene expression may be accomplished by altering 
the promoter, the shine-dalgamo sequence, potential repressor or operator elements, or 
any other elements involved. Likewise, downregulation of expression can be achieved 
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for cloning, purified PCR product was sequentially digested to completion with Ncol 
and Xba\ restriction enzymes as recommended by the manufacturer (Boehringer 
Mannheim). Digested BASB040 PCR products and pBAD were gel-purified and ligated 
together using an approximately 5-fold molar excess of the digested fragment to the 

5 vector. A standard -20 ul ligation reaction (-16°C, -16 hours), using methods well 
known in the art, was performed using T4 DNA ligase (-2.0 units / reaction, Boehringer 
Mannheim). An aliquot of the ligation was used to transform electro-competent £. colt 
ToplO cells according to methods well known in the art. Following a -2-3 hour 
outgrowth period at 37°C in -1.0 ml of LB broth, transformed cells were plated on LB 

1 0 agar plates containing Ampicillin (50 ug/ml). Individual ampicillin-resistant colonies 
were selecteded and analyzed by whole cell-based PCR to verify that transformants 
contained the BASB040 DNA insert. Transformants that produced the expected PCR 
product were identified as strains containing a BASB040 expression construct. 
Expression plasmid containing strains were then analyzed for the inducible expression 

1 5 of recombinant BASB040. 

B: Expression Analysis of PCR-Positive Transformants. 

For each PCR-positive transformant identified above, -5.0 ml of LB broth containing 
ampicillin (50 ug/ml) was inoculated with cells from the patch plate and grown 

20 overnight at 37 °C with shaking (-250 rpm). An aliquot of the overnight seed culture 
(-1 .0 ml) was inoculated into a 125 ml erlenmeyer flask containing -25 ml of LB Kn 
broth and grown at 37 °C with shaking (-250 rpm) until the culture turbidity reached 
O.D.600 of -0.5, i.e. mid-log phase (usually about 1.5 - 2.0 hours). At this time 
approximately half of the culture (-12.5 ml) was transferred to a second 125 ml flask 

25 and expression of recombinant BASB040 protein induced by the addition of L- 

Arabinose to a final concentration of 0.2 % (w/v). Incubation of both the arabinose- 
induced and non-induced cultures continued for an additional -4 hours at 37 °C with 
shaking. Samples (-1.0 ml) of both induced and non-induced cultures were removed 
after the induction period and the cells collected by centrifugation in a microcentrifuge 
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Table 1: Pairwise identities of the BASB040 polynucleotide sequences ( in % ) 





SeqID No:3 


SeqID No:5 


SeqID No:l 


99.9 


98.3 


SeqID No:3 




98.4 



5 Table 2: Pairwise identities of the BASB040 polypeptide sequences ( in % ) 





SeqID No:4 


SeqID No:6 


SeqID No:2 


100. 


99.0 


SeqID No:4 




99.0 



Example 2: Construction of Plasmid to Express Recombinant BASB040 

10 

A: Cloning of BASB040 . 

The Ncol and Xbal restriction sites (underlined) engineered into the forward Dl5b-01 
(5'- CAT AGC ACCATGGCC GCC GAC CTT TCC GA -3') [SEQ ID NO:9] and 
reverse D15b-02 ( 5'- CTA G TC TAG A TT AGA AGC GTG TTC CCA AGC -3') 

1 5 [SEQ ID NO: 1 0] amplification primers, respectively, permitted directional cloning of a 
BASB040 PCR product into the commercially available E. coli expression plasmid 
pBADglll(A) (Invitrogen, USA, ampicillin resistant). This plasmid provides the signal 
peptide from the bacteriophage fd pill protein such that a mature BASB040 protein 
could be targeted to the periplasm of £ coli. The BASB040 PCR product was purified 

20 from the amplification reaction using Wizard PCR prepTM (Promega) according to the 
manufacturers instructions. To produce the required Ncol and Xbal termini necessary 
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The sequence of the BASB040 gene was also determined in another M meningitidis 
serogroup B strain, the strain H44/76. For this purpose, plasmid DNA (see example 2A) 
containing the gene region encoding the mature BASB040 from N. meningitidis strain 
H44/76 was used as a PCR template. This material (lug) was then submitted to 
5 Polymerase Chain Reaction DNA amplification using primers D 1 5b-0 1 (5 *- CAT AGC 
ACC ATG GCC GCC GAC CTT TCC GA -3') [SEQ ID NO:9] and D15b-02 ( 5'- 
CTA GTC TAG ATT AGA AGC GTG TTC CCA AGC -T) [SEQ ID NO: 1 0] specific 
for the BASB040 gene. The PCR amplicon was then submitted to DNA sequencing 
using the Big Dyes kit (Applied biosystems) and analyzed on a ABI 373/A DNA 
1 0 sequencer in the conditions described by the supplier. As a result, the polynucleotide 
and deduced polypeptide sequences, referred to as SEQ ID NO:5 and SEQ ID NO:6 
respectively, were obtained. 

Using the MegAlign program from the DNASTAR software package, an alignment of 
1 5 the polynucleotide sequences of SEQ ID NO: 1 , 3 and 5 was performed, and is displayed 
in Figure 1 ; a pairwise comparison of identities is summarized in Table 1, showing that 
the three B ASB040 polynucleotide gene sequences are all similar at identity level 
greater than 98.0 %. Using the same MegAlign program, an alignment of the 
polypeptide sequences of SEQ ID NO:2, 4 and 6 was performed, and is displayed in 
20 Figure 2; a pairwise comparison of identities is summarized in Table 2, showing that 
the three BASB040 protein sequences are all similar at an identity level greater than or 
equal to 99.0 %. 

Taken together, these data indicate strong sequence conservation of the BASB040 gene 
among the two N. meningitidis serogroup B strains. 
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EXAMPLES: 

The examples below are carried out using standard techniques, which are well known and 
routine to those of skill in the art, except where otherwise described in detail. The examples 
5 are illustrative, but do not limit the invention. 



Example 1 : Discovery and confirmatory DN A sequencing of the BASB040 gene 
from two TV. meningitidis strains. 

10 A: BASB040 in N. meningitidis serogroup B strain ATCC 13090. 

The BASB040 gene of SEQ ID NO:l was first discovered in the Incyte PathoSeq 
database containing unfinished genomic DNA sequences of the N. meningitidis strain 
ATCC 13090. The translation of the BASB040 polynucleotide sequence, shown in SEQ 
ID NO:2, showed significant similarity ( 21 % identity in a 623 amino acids overlap) to 

1 5 the Neisseria meningitidis Dl 5 protective surface. 

The sequence of the B ASB040 gene was further confirmed experimentally. For this 
purpose, genomic DNA was extracted from 10 10 cells of the N. meningitidis cells (strain 
ATCC 13090) using the QIAGEN genomic DNA extraction kit (Qiagen Gmbh), and 
Ijig of this material was submitted to Polymerase Chain Reaction DNA amplification 

20 using primers D15b-21-ctg (S'-GGG CCG CAA CCT CCG AAA TA-3') [SEQ ID 
NO:7] and D15b-22-ctg (5'-CGA GCC AGC CGA GGA AAC ATA C -3*) [SEQ ID 
NO:8]. This PCR product was gel-purified and subjected to DNA sequencing using the 
Big Dye Cycle Sequencing kit (Perkin-Elmer) and an ABI 373 A/PRISM DNA 
sequencer. DNA sequencing was performed on both strands with a redundancy of 2 and 

25 the full-length sequence was assembled using the SeqMan program from the 

DNASTAR Lasergene software package. The resulting DNA sequence and deduced 

polypeptide sequence are shown as SEQ ID NO:3 and SEQ ID NO:4 respectively. 

< 

B: BASB04Q in M meningitidis serogroup B strain H44/76. 
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"Polynucleotides)" generally refers to any polyribonucleotide or polydeoxyribonucleotide, 
which may be unmodified RNA or DNA or modified RNA or DNA including single and 
double-stranded regions. 

5 "Variant" refers to a polynucleotide or polypeptide that differs from a reference 

polynucleotide or polypeptide, but retains essential properties. A typical variant of a 
polynucleotide differs in nucleotide sequence from another, reference polynucleotide. 
Changes in the nucleotide sequence of the variant may or may not alter the amino acid 
sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide changes 

1 0 may result in amino acid substitutions, additions, deletions, fusions and truncations in 
the polypeptide encoded by the reference sequence, as discussed below. A typical 
variant of a polypeptide differs in amino acid sequence from another, reference 
polypeptide. Generally, differences are limited so that the sequences of the reference 
polypeptide and the variant are closely similar overall and, in many regions, identical. 

1 5 A variant and reference polypeptide may differ in amino acid sequence by one or more 
substitutions, additions, deletions in any combination. A substituted or inserted amino 
acid residue may or may not be one encoded by the genetic code. A variant of a 
polynucleotide or polypeptide may be a naturally occurring such as an allelic variant, or 
it may be a variant that is not known to occur naturally. Non-naturally occurring 

20 variants of polynucleotides and polypeptides may be made by mutagenesis techniques 
or by direct synthesis. 

"Disease(s)" means any disease caused by or related to infection by a bacteria, including , 
for example, upper respiratory tract infection, invasive bacterial diseases, such as bacteremia 
25 and meningitis . 
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substitution, including conservative and non-conservative substitution, or insertion, and 
wherein said alterations may occur at the amino- or carboxy-terminal positions of the 
reference polypeptide sequence or anywhere between those terminal positions, 
interspersed either individually among the amino acids in the reference sequence or in one 
5 or more contiguous groups within the reference sequence. The number of amino acid 
alterations for a given % identity is determined by multiplying the total number of amino 
acids in SEQ ID NO:2 by the integer defining the percent identity divided by 100 and 
then subtracting that product from said total number of amino acids in SEQ ID NO:2, or: 

10 n a < x a - (x a • y), 

wherein n a is the number of amino acid alterations, x a is the total number of amino acids 
in SEQ ID NO:2, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and • is 
the symbol for the multiplication operator, and wherein any non-integer product of x a and 
15 y is rounded down to the nearest integer prior to subtracting it from x a . 

"Individual(s)," when used herein with reference to an organism, means a multicellular 
eukaryote, including, but not limited to a metazoan, a mammal, an ovid, a bovid, a simian, 
a primate, and a human. 

20 

"Isolated" means altered "by the hand of man" from its natural state, i.e., if it occurs in 
nature, it has been changed or removed from its original environment, or both. For example, 
a polynucleotide or a polypeptide naturally present in a living organism is not "isolated," but 
the same polynucleotide or polypeptide separated from the coexisting materials of its natural 
25 state is "isolated", as the term is employed herein. Moreover, a polynucleotide or 
polypeptide that is introduced into an organism by transformation, genetic manipulation or 
by any other recombinant method is "isolated" even if it is still present in said organism, 
which organism may be living or non-living. 
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(2) Polypeptide embodiments further include an isolated polypeptide comprising a 
polypeptide having at least a 50, 60, 70, 80, 85, 90, 95, 97 or 100% identity to a 
polypeptide reference sequence of SEQ ID NO:2, wherein said polypeptide sequence may 
5 be identical to the reference sequence of SEQ ID NO:2 or may include up to a certain 
integer number of amino acid alterations as compared to the reference sequence, wherein 
said alterations are selected from the group consisting of at least one amino acid deletion, 
substitution, including conservative and non-conservative substitution, or insertion, and 
wherein said alterations may occur at the amino- or carboxy-terminal positions of the 

1 0 reference polypeptide sequence or anywhere between those terminal positions, 

interspersed either individually among the amino acids in the reference sequence or in one 
or more contiguous groups within the reference sequence, and wherein said number of 
amino acid alterations is determined by multiplying the total number of amino acids in 
SEQ ID NO:2 by the integer defining the percent identity divided by 100 and then 

1 5 subtracting that product from said total number of amino acids in SEQ ID NO:2, or: 

n a < x a - (x a • y), 

wherein n a is the number of amino acid alterations, x a is the total number of amino acids 
20 in SEQ ID NO:2, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%. 0.85 for 
85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 100%, and • is the symbol for 
the multiplication operator, and wherein any non-integer product of x a and y is rounded 
down to the nearest integer prior to subtracting it from x a . 

25 By way of example, a polypeptide sequence of the present invention may.be identical to 
the reference sequence of SEQ ID NO:2, that is it may be 100% identical, or it may 
include up to a certain integer number of amino acid alterations as compared to the 
reference sequence such that the percent identity is less than 100% identity. Such 
alterations are selected from the group consisting of at least one amino acid deletion, 
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wherein n n is the number of nucleotide alterations, x n is the total number of nucleotides 
in SEQ ID NO:l, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%, 0.85 for 
85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 100%, and • is the symbol for 
the multiplication operator, and wherein any non-integer product of x n and y is rounded 
5 down to the nearest integer prior to subtracting it from x n . Alterations of a polynucleotide 
sequence encoding the polypeptide of SEQ ID NO:2 may create nonsense, missense or 
frameshift mutations in this coding sequence and thereby alter the polypeptide encoded by 
the polynucleotide following such alterations. 

By way of example, a polynucleotide sequence of the present invention may be identical 
to the reference sequence of SEQ ID NO:l, that is it may be 100% identical, or it may 
include up to a certain integer number of nucleic acid alterations as compared to the 
reference sequence such that the percent identity is less than 1 00% identity. Such 
alterations are selected from the group consisting of at least one nucleic acid deletion, 
substitution, including transition and transversion, or insertion, and wherein said 
alterations may occur at the 5* or 3' terminal positions of the reference polynucleotide 
sequence or anywhere between those terminal positions, interspersed either individually 
among the nucleic acids in the reference sequence or in one or more contiguous groups 
within the reference sequence. The number of nucleic acid alterations for a given percent 
identity is determined by multiplying the total number of nucleic acids in SEQ ID NO: 1 
by the integer defining the percent identity divided by 100 and then subtracting that 
product from said total number of nucleic acids in SEQ ID NO: 1, or: 

n n < x n - (x n • y), 

25 

wherein n n is the number of nucleic acid alterations, x n is the total number of nucleic 
acids in SEQ ID NO:l, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., • 
is the symbol for the multiplication operator, and wherein any non-integer product of x n 
and y is rounded down to the nearest integer prior to subtracting it from x n . 



15 
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Parameters for polynucleotide comparison include the following: 
Algorithm: Needleman and Wunsch, J. Mol Biol 48: 443-453 (1970) 
Comparison matrix: matches = +10, mismatch = 0 
Gap Penalty: 50 
5 Gap Length Penalty: 3 

Available as: The "gap" program from Genetics Computer Group, Madison WI. These 
are the default parameters for nucleic acid comparisons. 

A preferred meaning for "identity" for polynucleotides and polypeptides, as the case may 
1 0 be, are provided in ( 1 ) and (2) below. 

( 1 ) Polynucleotide embodiments further include an isolated polynucleotide 
comprising a polynucleotide sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97 or 
100% identity to the reference sequence of SEQ ID NO:l, wherein said polynucleotide 

1 5 sequence may be identical to the reference sequence of SEQ ID NO: 1 or may include up 
to a certain integer number of nucleotide alterations as compared to the reference 
sequence, wherein said alterations are selected from the group consisting of at least one 
nucleotide deletion, substitution, including transition and transversion, or insertion, and 
wherein said alterations may occur at the 5' or 3* terminal positions of the reference 

20 nucleotide sequence or anywhere between those terminal positions, interspersed either 
individually among the nucleotides in the reference sequence or in one or more 
contiguous groups within the reference sequence, and wherein said number of nucleotide 
alterations is determined by multiplying the total number of nucleotides in SEQ ID NO:l 
by the integer defining the percent identity divided by 100 and then subtracting that 

25 product from said total number of nucleotides in SEQ ID NO: 1 , or: 

n n < x n - (x n • y), 
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methods, including but not limited to those described in {Computational Molecular 
Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing: 
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993; 
Computer Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H.G., eds., 
5 Humana Press, New Jersey, 1 994; Sequence Analysis in Molecular Biology, von Heine, 
G., Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., 
eds., M Stockton Press, New York, 1991 ; and Carillo, H., and Lipman, D., SIAM J. 
Applied Math., 48: 1073 (1988). Methods to determine identity are designed to give the 
largest match between the sequences tested. Moreover, methods to determine identity are 

10 codified in publicly available computer programs. Computer program methods to 
determine identity between two sequences include, but are not limited to, the GAP 
program in the GCG program package (Devereux, J., et al., Nucleic Acids Research 12(1): 
, 387 (1984)), BLASTP, BLASTN (Altschul, S.F. et al., J. Mol Biol 215: 403-410 (1990), 
and FASTA( Pearson and Lipman Proc. Natl. Acad. Sci. USA 85; 2444-2448 (1988). The 

1 5 BLAST family of programs is publicly available from NCBI and other sources (BLAST 
Manual, Altschul, S., et al, NCBI NLM NIH Bethesda, MD 20894; Altschul, S., et al, J, 
Mol Biol 215: 403-410 (1990). The well known Smith Waterman algorithm may also be 
used to determine identity. 

20 Parameters for polypeptide sequence comparison include the following: 
Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 
Comparison matrix: BLOSSUM62 from Henikoff and Henikoff, 
Proc. Natl. Acad. Sci. USA. 89:10915-10919 (1992) 
Gap Penalty: 8 

25 Gap Length Penalty: 2 

A program useful with these parameters is publicly available as the "gap" program from 
Genetics Computer Group, Madison WI. The aforementioned parameters are the default 
parameters for peptide comparisons (along with no penalty for end gaps). 
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nucleic acid base calling, codon usage analysis, nucleic acid base trimming, and 
sequencing chromatogram peak analysis. 

A computer based method is provided for performing homology identification. This 
5 method comprises the steps of: providing a first polynucleotide sequence comprising the 
sequence of a polynucleotide of the invention in a computer readable medium; and 
comparing said first polynucleotide sequence to at least one second polynucleotide or 
polypeptide sequence to identify homology. 

10 A computer based method is also provided for performing homology identification, said 
method comprising the steps of: providing a first polypeptide sequence comprising the 
sequence of a polypeptide of the invention in a computer readable medium; and 
comparing said first polypeptide sequence to at least one second polynucleotide or 
polypeptide sequence to identify homology. 

15 

All publications and references, including but not limited to patents and patent 
applications, cited in this specification are herein incorporated by reference in their 
entirety as if each individual publication or reference were specifically and individually 
indicated to be incorporated by reference herein as being fully set forth. Any patent 
20 application to which this application claims priority is also incorporated by reference 
herein in its entirety in the manner described above for publications and references. 

DEFINITIONS 

25 "Identity," as known in the art, is a relationship between two or more polypeptide sequences 
or two or more polynucleotide sequences, as the case may be, as determined by comparing 
the sequences. In the art, "identity" also means the degree of sequence relatedness between 
polypeptide or polynucleotide sequences, as the case may be, as determined by the match 
between strings of such sequences. "Identity" can be readily calculated by known 
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A vaccine composition is conveniently in injectable form. Conventional adjuvants may be 
employed to enhance the immune response. A suitable unit dose for vaccination is 0.5-5 
microgram/kg of antigen, and such dose is preferably administered 1-3 times and with an 
5 interval of 1 -3 weeks. With the indicated dose range, no adverse toxicological effects will 
be observed with the compounds of the invention which would preclude their 
administration to suitable individuals. 

Wide variations in the needed dosage, however, are to be expected in view of the variety of 
1 0 compounds available and the differing efficiencies of various routes of administration. For 
example, oral administration would be expected to require higher dosages than 
administration by intravenous injection. Variations in these dosage levels can be adjusted 
using standard empirical routines for optimization, as is well understood in the art. 

15 

Sequence Databases, Sequences in a Tangible Medium, and Algorithms 

Polynucleotide and polypeptide sequences form a valuable information resource with which 
to determine their 2- and 3 -dimensional structures as well as to identify further sequences of 
similar homology. These approaches are most easily facilitated by storing the sequence in a 
20 computer readable medium and then using the stored data in a known macromolecular 
structure program or to search a sequence database using well known searching tools, such 
as the GCG program package. 

Also provided by the invention are methods for the analysis of character sequences or 
25 strings, particularly genetic sequences or encoded protein sequences. Preferred methods 
of sequence analysis include, for example, methods of sequence homology analysis, such 
as identity and similarity analysis, DNA, RNA and protein structure analysis, sequence 
assembly, cladistic analysis, sequence motif analysis, open reading frame determination, 
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acceptable carrier or excipient. Such carriers include, but are not limited to, saline, buffered 
saline, dextrose, water, glycerol, ethanol. and combinations thereof. The invention further 
relates to pharmaceutical packs and kits comprising one or more containers filled with one 
or more of the ingredients of the aforementioned compositions of the invention. 
5 Polypeptides, polynucleotides and other compounds of the present invention may be 

employed alone or in conjunction with other compounds, such as therapeutic compounds. 

The composition will be adapted to the route of aojninistratioru for instance by a systemic or 
an oral route. Preferred forms of systemic administration include injection, typically by 

1 0 intravenous injection. Other injection routes, such as subcutaneous, intramuscular, or 
intraperitoneal, can be used. Alternative means for systemic administration include 
transmucosal and transdermal administration using penetrants such as bile salts or fusidic 
acids or other detergents. In addition, if a polypeptide or other compounds of the present 
invention can be formulated in an enteric or an encapsulated formulation, oral 

1 5 administration may also be possible. Administration of these compounds may also be 

topical and/or localized, in the form of salves, pastes, gels, solutions, powders and the like. 

For administration to mammals, and particularly humans, it is expected that the daily 
dosage level of the active agent will be from 0.01 mg/kg to 10 mg/kg, typically around 1 
20 mg/kg. The physician in any event will determine the actual dosage which will be most 
suitable for an individual and will vary with the age, weight and response of the particular 
individual. The above dosages are exemplary of the average case. There can, of course, 
be individual instances where higher or lower dosage ranges are merited, and such are 
within the scope of this invention. 

25 

The dosage range required depends on the choice of peptide, the route of administration, the 
nature of the formulation, the nature of the subject's condition, and the judgment of the 
attending practitioner. Suitable dosages, however, are in the range of 0. 1 - 1 00 ug/kg of 
subject. 
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The invention also relates to compositions comprising a polynucleotide and/or a polypeptide 
discussed herein or their agonists or antagonists. The polypeptides and polynucleotides of 
the invention may be employed in combination with a non-sterile or sterile carrier or carriers 
5 for use with cells, tissues or organisms, such as a pharmaceutical carrier suitable for 

administration to an individual. Such compositions comprise, for instance, a media additive 
or a therapeutically effective amount of a polypeptide and/or polynucleotide of the invention 
and a pharmaceutically acceptable carrier or excipient. Such carriers may include, but are 
not limited to, saline, buffered saline, dextrose, water, glycerol, ethanol and combinations 
10 thereof. The formulation should suit the mode of administration. The invention further 
relates to diagnostic and pharmaceutical packs and kits comprising one or more containers 
filled with one or more of the ingredients of the aforementioned compositions of the 
invention. 

« 

1 5 Polypeptides, polynucleotides and other compounds of the invention may be employed 
alone or in conjunction with other compounds, such as therapeutic compounds. 

The pharmaceutical compositions may be administered in any effective, convenient manner 
including, for instance, administration by topical, oral, anal, vaginal, intravenous, 
20 intraperitoneal, intramuscular, subcutaneous, intranasal or intradermal routes among others. 

In therapy or as a prophylactic, the active agent may be administered to an individual as 
an injectable composition, for example as a sterile aqueous dispersion, preferably 
isotonic. 

25 

In a further aspect, the present invention provides for pharmaceutical compositions 
comprising a therapeutically effective amount of a polypeptide and/or polynucleotide, such 
as the soluble form of a polypeptide and/or polynucleotide of the present invention, agonist 
or antagonist peptide or small molecule compound, in combination with a pharmaceutically 
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may also be present at a level of 1%. In some cases it may be advantageous that the 
vaccines of the present invention will further contain a stabiliser. 

Non-toxic oil in water emulsions preferably contain a non-toxic oil, e.g. squalane or 
5 squalene, an emulsifier, e.g. Tween 80, in an aqueous carrier. The aqueous carrier may 
be, for example, phosphate buffered saline. 

A particularly potent adjuvant formulation involving QS21, 3D-MPL and tocopherol 
in an oil in water emulsion is described in WO 95/17210. 

10 

The present invention also provides a polyvalent vaccine composition comprising a 
vaccine formulation of the invention in combination with other antigens, in particular 
antigens useful for treating cancers, autoimmune diseases and related conditions. Such a 
polyvalent vaccine composition may include a TH-1 inducing adjuvant as hereinbefore 
1 5 described. 

While the invention has been described with reference to certain B ASB040 polypeptides 
and polynucleotides, it is to be understood that this covers fragments of the naturally 
occurring polypeptides and polynucleotides, and similar polypeptides and polynucleotides 
20 with additions, deletions or substitutions which do not substantially affect the 
immunogenic properties of the recombinant polypeptides or polynucleotides. 

The antigen can also be delivered in the form of whole bacteria (dead or alive) or as 
subcellular fractions, these possibilities do include N.meningitidis itself. 

25 

Compositions, kits and administration 

In a further aspect of the invention there are provided compositions comprising a BASB040 
polynucleotide and/or a BASB040 polypeptide for administration to a cell or to a 
multicellular organism. 
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been shown to be successful TH1 stimulating adjuvants when formulated together with 
an antigen. 

Further adjuvants which are preferential stimulators of TH1 cell response include • 
5 immunomodulatory oligonucleotides, for example unmethylated CpG sequences as 
disclosed in WO 96/02555. 

Combinations of different TH1 stimulating adjuvants, such as those mentioned 
hereinabove, are also contemplated as providing an adjuvant which is a preferential 
1 0 stimulator of TH 1 cell response. For example, QS2 1 can be formulated together with 
3D-MPL. The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10 : 1; 
preferably 1 :5 to 5 : 1 and often substantially 1:1. The preferred range for optimal 
synergy is 2.5 : 1 to 1 : 1 3D-MPL: QS21. 

1 5 Preferably a carrier is also present in the vaccine composition according to the 

invention. The carrier may be an oil in water emulsion, or an aluminium salt, such as 
aluminium phosphate or aluminium hydroxide. 

A preferred oil-in- water emulsion comprises a metabolisible oil, such as squalene, alpha 
20 tocopherol and Tween 80. In a particularly preferred aspect the antigens in the vaccine 
composition according to the invention are combined with QS21 and 3D-MPL in such 
an emulsion. Additionally the oil in water emulsion may contain span 85 and/or lecithin 
and/or tricaprylin. 

25 Typically for human administration QS21 and 3D-MPL will be present in a vaccine in 
the range of ljig - 200ng, such as 10-100ug, preferably 10u,g - SQ^ig per dose. 
Typically the oil in water will comprise from 2 to 10% squalene, from 2 to 10% alpha 
tocopherol and from 0.3 to 3% tween 80. Preferably the ratio of squalene: alpha 
tocopherol is equal to or less than 1 as this provides a more stable emulsion. Span 85 
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Thus, a THl-type adjuvant is one which preferentially stimulates isolated T-cell 
populations to produce high levels of THl-type cytokines when re-stimulated with 
antigen in vitro, and promotes development of both CD8+ cytotoxic T lymphocytes and 
5 antigen specific immunoglobulin responses associated with TH 1 -type isotype. 

Adjuvants which are capable of preferential stimulation of the TH1 cell response are 
described in International Patent Application No. WO 94/00153 and WO 95/17209. 

1 0 3 De-O-acylated monophosphoryl lipid A (3D-MPL) is one such adjuvant. This is 
known from GB 222021 1 (Ribi). Chemically it is a mixture of 3 De-O-acylated 
monophosphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured by Ribi 
Immunochem, Montana. A preferred form of 3 De-O-acylated monophosphoryl lipid 
A is disclosed in European Patent 0 689 454 Bl (SmithKline Beecham Biologicals SA). 

15 

Preferably, the particles of 3D-MPL are small enough to be sterile filtered through a 
0.22micron membrane (European Patent number 0 689 454). 
3D-MPL will be present in the range of lOug - lOOug preferably 25-50|ig per dose 
wherein the antigen will typically be present in a range 2-50ug per dose. 

20 

Another preferred adjuvant comprises QS21, an Hplc purified non-toxic fraction derived 
from the bark of Quillaja Saponaria Molina. Optionally this may be admixed with 3 
De-O-acylated monophosphoryl lipid A (3D-MPL), optionally together with a carrier. 

25 The method of production of QS21 is disclosed in US patent No. 5,057,540. 

Non-reactogenic adjuvant formulations containing QS21 have been described 
previously (WO 96/33739). Such formulations comprising QS21 and cholesterol have 



-39- 



WO 00/34480 



PCI7EP99/09560 



In mice THl-type responses are often characterised by the generation of antibodies of 
the IgG2a subtype, whilst in the human these correspond to IgGl type antibodies. TH2- 
type immune responses are characterised by the generation of a broad range of 
immunoglobulin isotypes including in mice IgGl, IgA, and IgM. 

5 

It can be considered that the driving force behind the development of these two types of 
immune responses are cytokines. High levels of THl-type cytokines tend to favour the ' 
induction of cell mediated immune responses to the given antigen, whilst high levels of 
TH2-type cytokines tend to favour the induction of humoral immune responses to the 
1 0 antigen. 

The distinction of TH1 and TH2-type immune responses is not absolute. In reality an 
individual will support an immune response which is described as being predominantly 
TH1 or predominantly TH2. However, it is often convenient to consider the families of 

1 5 cytokines in terms of that described in murine CD4 +ve T cell clones by Mosmann and 
Coffman {Mosmann, T.R. and Cqffman, R.L. (1989) TH1 and TH2 cells: different 
patterns oflymphokine secretion lead to different functional properties. Annual Review 
of Immunology, 7, pi 45- 1 73). Traditionally, THl-type responses are associated with 
the production of the INF-y and IL-2 cytokines by T-lymphocytes. Other cytokines 

20 often directly associated with the induction of THl-type immune responses are not 

produced by T-cells, such as IL-12. In contrast, TH2- type responses are associated with 
the secretion of IL-4, IL-5, IL-6 and IL-13. 

It is known that certain vaccine adjuvants are particularly suited to the stimulation of 
25 either TH1 or TH2 - type cytokine responses. Traditionally the best indicators of the 
TH1 :TH2 balance of the immune response after a vaccination or infection includes 
direct measurement of the production of TH1 or TH2 cytokines by T lymphocytes in 
vitro after restimulation with antigen, and/or the measurement of the IgGl:IgG2a ratio 
of antigen specific antibody responses. 
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for the development of prophylactic agents or therapeutic treatments of bacterial infection, 
particularly Neisseria meningitidis infection, in mammals, particularly humans. 

The invention also includes a vaccine formulation which comprises an immunogenic 
5 recombinant polypeptide and/or polynucleotide of the invention together with a suitable 
carrier, such as a pharmaceutically acceptable carrier. Since the polypeptides and 
polynucleotides may be broken down in the stomach, each is preferably administered 
parenterally, including, for example, administration that is subcutaneous, intramuscular, 
intravenous, or intradermal. Formulations suitable for parenteral administration include 

1 0 aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants, 
buffers, bacteristatic compounds and solutes which render the formulation isotonic with 
the bodily fluid, preferably the blood, of the individual; and aqueous and non-aqueous 
sterile suspensions which may include suspending agents or thickening agents. The 
formulations may be presented in unit-dose or multi-dose containers, for example, sealed 

1 5 ampoules and vials and may be stored in a freeze-dried condition requiring only the 
addition of the sterile liquid carrier immediately prior to use. 

The vaccine formulation of the invention may also include adjuvant systems for 
enhancing the immunogenicity of the formulation. Preferably the adjuvant system 
20 raises preferentially a TH1 type of response. 

An immune response may be broadly distinguished into two extreme catagories, being a 
humoral or cell mediated immune responses (traditionally characterised by antibody and 
cellular effector mechanisms of protection respectively). These categories of response 
25 have been termed TH1 -type responses (cell-mediated response), and TH2-type immune 
responses (humoral response). 

Extreme THl-type immune responses may be characterised by the generation of antigen 
specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses. 
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BASB04C gene. The upstream region starts immediately upstream of the BASB040 gene 
and continues usually to a position no more than about 1000 bp upstream of the gene from 
the ATG start codon. In the case of a gene located in a polycistronic sequence (operon) the 
upstream region can start immediately preceding the gene of interest, or preceding the first 
5 gene in the operon. Preferably, a modified upstream region according to this aspect of the 
invention contains a heterologous promotor at a position between 500 and 700 bp upstream 
of the ATG. 

Thus, the invention provides a B ASB040 polypeptide, in a modified bacterial bleb. The 
1 0 invention further provides modified host cells capable of producing the non-live membrane- 
based bleb vectors. The invention further provides nucleic acid vectors comprising the 
B ASB040 gene having a modified upstream region containing a heterologous regulatory 
element. 

1 5 Further provided by the invention are processes to prepare the host cells and bacterial blebs 
according to the invention. 

Also provided by this invention are compositions, particularly vaccine compositions, and 
methods comprising the polypeptides and/or polynucleotides of the invention and 
20 immunostimulatory DNA sequences, such as those described in Sato, Y. et al Science 
273:352(1996). 

Also, provided by this invention are methods using the described polynucleotide or 
particular fragments thereof, which have been shown to encode non-variable regions of 

25 bacterial cell surface proteins, in polynucleotide constructs used in such genetic 

immunization experiments in animal models of infection with Neisseria meningitidis. 
Such experiments will be particularly useful for identifying protein epitopes able to 
provoke a prophylactic or therapeutic immune response. It is believed that this approach 
will allow for the subsequent preparation of monoclonal antibodies of particular value, 

30 derived from the requisite organ of the animal successfully resisting or clearing infection. 
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sequences. In this case, the regulatory region targeted is isolated and modified so as to 
contain the regulatory elements from another gene, a combination of regulatory elements 
from different genes, a synthetic regulatory region, or any other regulatory region, or to 
delete selected parts of the wild-type regulatory sequences. These modified sequences can 
5 then be reintroduced into the bacterium via homologous recombination into the genome. 
A non-exhaustive list of preferred promoters that could be used for up-regulation of gene 
expression includes the promoters porA, porB, IbpB, tbpB, pi 10, 1st, hpuAB from N. 
meningitidis orN. gonorroheae; ompCD, copB, IbpB, ompE, UspAl; UspA2; TbpB from 
M. Catarrhalis; pi, p2, p4, p5, p6, IpD, tbpB, D15, Hia, Hmwl, Hmw2 from H. 
1 0 influenzae. 

In one example, the expression of the gene can be modulated by exchanging its promoter 
with a stronger promoter (through isolating the upstream sequence of the gene, in vitro 
modification of this sequence, and reintroduction into the genome by homologous 
1 5 recombination). Upregulated expression can be obtained in both the bacterium as well as 
in the outer membrane vesicles shed (or made) from the bacterium. 

In other examples, the described approaches can be used to generate recombinant bacterial 
strains with improved characteristics for vaccine applications. These can be, but are not 
20 limited to, attenuated strains, strains with increased expression of selected antigens, 

strains with knock-outs (or decreased expression) of genes interfering with the immune 
response, strains with modulated expression of immunodominant proteins, strains with 
modulated shedding of outer-membrane vesicles. 

25 Thus, also provided by the invention is a modified upstream region of the BASB040 gene, 
particularly the part of the upstream region identified in Sequence ID No: 11, which 
modified upstream region contains a heterologous regulatory element which alters the 
expression level of the BASB040 protein located at the outer membrane. The upstream 
region according to this aspect of the invention includes the sequence upstream of the 
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transcriptional and translational level. The sequence of these regions, either upstream or 
downstream of the open reading frame of the gene, can be obtained by DNA sequencing. 
This sequence information allows the determination of potential regulatory motifs such as 
the different promoter elements, terminator sequences, inducible sequence elements, 
5 repressors, elements responsible for phase variation, the shine-dalgamo sequence, regions 
with potential secondary structure involved in regulation, as well as other types of 
regulatory motifs or sequences. A region directly upstream of the BASB040 gene is 
given in Sequence ID No: 11 This sequence is a further aspect of the invention. 

1 0 This sequence information allows the modulation of the natural expression of the 
BASB040 gene. The upregulation of the gene expression may be accomplished by 
altering the promoter, the shine-dalgarno sequence, potential repressor or operator 
elements, or any other elements involved. Likewise, downregulation of expression can be 
achieved by similar types of modification. Alternatively, by changing phase variation 

1 5 sequences, the expression of the gene can be put under phase variation control, or it may 
be uncoupled from this regulation. In another approach, the expression of the gene can be 
put under the control of one or more inducible elements allowing regulated expression. 
Examples of such regulation include, but are not limited to, induction by temperature 
shift, addition of inductor substrates like selected carbohydrates or their derivatives, trace 

20 elements, vitamins, co-factors, metal ions, etc. 

Such modifications as described above can be introduced by several different means. The 
modification of sequences involved in gene expression can be carried out in vivo by 
random mutagenesis followed by selection for the desired phenotype. Another approach 
25 consists in isolating the region of interest and modifying it by random mutagenesis, or 

site-directed replacement, insertion or deletion mutagenesis. The modified region can then 
be reintroduced into the bacterial genome by homologous recombination, and the effect 
on gene expression can be assessed. In another approach, the sequence knowledge of the 
region of interest can be used to replace or delete all or part of the natural regulatory 
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In a vaccine composition according to the invention, a BASB040 polypeptide and/or 
polynucleotide, or a fragment, or a mimotope, or a variant thereof may be present in a 
vector, such as the live recombinant vectors described above for example live bacterial 
5 vectors. 

Also suitable are non-live vectors for the BASB040 polypeptide, for example bacterial 
outer-membrane vesicles or "blebs". OM blebs are derived from the outer membrane of 
the two-layer membrane of Gram-negative bacteria and have been documented in many 

1 0 Gram-negative bacteria (Zhou, L et al 1 998. FEMS Microbiol Lett. 1 63 :223-228) 
including C. trachomatis and C. psittaci. A non-exhaustive list of bacterial pathogens 
reported to produce blebs also includes: Bordetella pertussis, Borrelia burgdorferi, 
Brucella melitensis, Brucella ovis, Esherichia coli, Haemophilus influenza, Legionella 
pneumophila, Neisseria gonorrhoeae, Neisseria meningitidis, Pseudomonas aeruginosa 

15 and Yersinia enterocolitica. 

Blebs have the advantage of providing outer-membrane proteins in their native 
conformation and are thus particularly useful for vaccines. Blebs can also be improved 
for vaccine use by engineering the bacterium so as to modify the expression of one or 

20 more molecules at the outer membrane. Thus for example the expression of a desired 
immunogenic protein at the outer membrane, such as the BASB040 polypeptide, can be 
introduced or upregulated (e.g. by altering the promoter). Instead or in addition, the 
expression of outer-membrane molecules which are either not relevant (e.g. unprotective 
antigens or immunodominant but variable proteins) or detrimental (e.g. toxic molecules 

25 such as LPS, or potential inducers of an autoimmune response) can be downregulated. 
These approaches are discussed in more detail below. 

The non-coding flanking regions of the BASB040 gene contain regulatory elements 
important in the expression of the gene. This regulation takes place both at the 



-33- 



WO 00/34480 



PCT/EP99/09560 



antibody and/ or T ceil immune response, including, for example, cytokine-producing T 
cells or cytotoxic T cells, to protect said individual, preferably a human, from disease, 
whether that disease is already established within the individual or not. One example of 
administering the gene is by accelerating it into the desired cells as a coating on particles 
5 or otherwise. Such nucleic acid vector may comprise DNA, RNA, a ribozyme, a modified 
nucleic acid, a DNA/RNA hybrid, a DNA-protein complex or an RNA-protein complex. 

A further aspect of the invention relates to an immunological composition that when 
introduced into an individual, preferably a human, capable of having induced within it an 

1 0 immunological response, induces an immunological response in such individual to a 

BASB040 polynucleotide and/or polypeptide encoded therefrom, wherein the composition 
comprises a recombinant BASB040 polynucleotide and/or polypeptide encoded therefrom 
and/or comprises DNA and/or RNA which encodes and expresses an antigen of said 
BASB040 polynucleotide, polypeptide encoded therefrom, or other polypeptide of the 

1 5 invention. The immunological response may be used therapeutically or prophylactically 
and may take the form of antibody immunity and/or cellular immunity, such as cellular 
immunity arising from CTL or CD4+ T cells. 

A BASB040 polypeptide or a fragment thereof may be fused with co-protein or chemical 
20 moiety which may or may not by itself produce antibodies, but which is capable of 
stabilizing the first protein and producing a fused or modified protein which will have 
antigenic and/or immunogenic properties, and preferably protective properties. Thus 
fused recombinant protein, preferably further comprises an antigenic co-protein, such as 
lipoprotein D from Haemophilus influenzae, Glutathione-S-transferase (GST) or beta- 
25 galactosidase, or any other relatively large co-protein which solubilizes the protein and 
facilitates production and purification thereof. Moreover, the co-protein may act as an 
adjuvant in the sense of providing a generalized stimulation of the immune system of the 
organism receiving the protein. The co-protein may be attached to either the amino- or 
carboxy-terminus of the first protein. 
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distal from the conjugated terminus of the peptide, such that the free unconjugated end 
of the peptide remains associated with the surface of the carrier protein. Thereby 
presenting the peptide in a conformation which most closely resembles that of the 
peptide as found in the context of the whole native molecule. For example, the peptides 
5 may be altered to have an N-terminal cysteine and a C-terminal hydrophobic amidated 
tail. Alternatively, the addition or substitution of a D-stereoisomer form of one or more 
of the amino acids may be performed to create a beneficial derivative, for example to 
enhance stability of the peptide. 

1 0 Alternatively, peptide mimotopes may be identified using antibodies which are capable 
themselves of binding to the polypeptides of the present invention using techniques such 
as phage display technology (EP 0 552 267 Bl). This technique, generates a large number 
of peptide sequences which mimic the structure of the native peptides and are. therefore, 
capable of binding to anti-native peptide antibodies, but may not necessarily themselves 

1 5 share significant sequence homology to the native polypeptide. 

Vaccines 

Another aspect of the invention relates to a method for inducing an immunological 
response in an individual, particularly a mammal, preferably humans, which comprises 

20 inoculating the individual with BASB040 polynucleotide and/or polypeptide, or a 

fragment or variant thereof, adequate to produce antibody and/ or T cell immune response 
to protect said individual from infection, particularly bacterial infection and most 
particularly Neisseria meningitidis infection. Also provided are methods whereby such 
immunological response slows bacterial replication. Yet another aspect of the invention 

25 relates to a method of inducing immunological response in an individual which comprises 
delivering to such individual a nucleic acid vector, sequence or ribozyme to direct 
expression of BASB040 polynucleotide and/or polypeptide, or a fragment or a variant 
thereof, for expressing BASB040 polynucleotide and/or polypeptide, or a fragment or a 
variant thereof in vivo in order to induce an immunological response, such as, to produce 
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The invention also provides the use of the polypeptide, polynucleotide, agonist or 
antagonist of the invention to interfere with the initial physical interaction between a 
pathogen or pathogens and a eukaryotic, preferably mammalian, host responsible for 
sequelae of infection. In particular, the molecules of the invention may be used: in the 
5 prevention of adhesion of bacteria, in particular gram positive and/or gram negative 
bacteria, to eukaryotic, preferably mammalian, extracellular matrix proteins on in- 
dwelling devices or to extracellular matrix proteins in wounds; to block bacterial adhesion 
between eukaryotic, preferably mammalian, extracellular matrix proteins and bacterial 
BASB040 proteins that mediate tissue damage and/or; to block the normal progression of 
1 0 pathogenesis in infections initiated other than by the implantation of in-dwelling devices 
or by other surgical techniques. 

In accordance with yet another aspect of the invention, there are provided B ASB040 
agonists and antagonists, preferably bacteristatic or bactericidal agonists and antagonists. 

15 

The antagonists and agonists of the invention may be employed, for instance, to prevent, 
inhibit and/or treat diseases. 

In a further aspect, the present invention relates to mimotopes of the polypeptide of the 
20 invention. A mimotope is a peptide sequence, sufficiently similar to the native peptide 
(sequentially or structurally), which is capable of being recognised by antibodies which 
recognise the native peptide; or is capable of raising antibodies which recognise the 
native peptide when coupled to a suitable carrier. 

25 Peptide mimotopes may be designed for a particular purpose by addition, deletion or 

substitution of elected amino acids. Thus, the peptides may be modified for the purposes 
of ease of conjugation to a protein carrier. For example, it may be desirable for some 
chemical conjugation methods to include a terminal cysteine. In addition it may be 
desirable for peptides conjugated to a protein carrier to include a hydrophobic terminus 
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Potential antagonists include a small molecule that binds to and occupies the binding site of 
the polypeptide thereby preventing binding to cellular binding molecules, such that normal 
biological activity is prevented. Examples of small molecules include but are not limited to 
small organic molecules, peptides or peptide-like molecules. Other potential antagonists 
5 include antisense molecules (see Okano, J. Newochem 56: 560 ( 1 99 1 ); 

OL1GODEOXYNUCLEOTIDES AS ANTISENSE INHIBITORS OF GENE EXPRESSION, 
CRC Press, Boca Raton, FL (1 988), for a description of these molecules). Preferred 
potential antagonists include compounds related to and variants of BASB040. 

10 In a further aspect, the present invention relates to genetically engineered soluble fusion 
proteins comprising a polypeptide of the present invention, or a fragment thereof and 
various portions of the constant regions of heavy or light chains of immunoglobulins of 
various subclasses (IgG, IgM, IgA, IgE). Preferred as an immunoglobulin is the constant 
part of the heavy chain of human IgG, particularly IgGl, where fusion takes place at the 

1 5 hinge region. In a particular embodiment, the Fc part can be removed simply by 

incorporation of a cleavage sequence which can be cleaved with blood clotting factor Xa. 
Furthermore, this invention relates to processes for the preparation of these fusion 
proteins by genetic engineering, and to the use thereof for drug screening, diagnosis and 
therapy. A further aspect of the invention also relates to polynucleotides encoding such 

20 fusion proteins. Examples of fusion protein technology can be found in International 
Patent Application Nos. W094/29458 and W094/22914. 

Each of the polynucleotide sequences provided herein may be used in the discovery and 
development of antibacterial compounds. The encoded protein, upon expression, can be 
25 used as a target for the screening of antibacterial drugs. Additionally, the polynucleotide 
sequences encoding the amino terminal regions of the encoded protein or Shine-Delgamo 
or other translation facilitating sequences of the respective mRNA can be used to 
construct antisense sequences to control the expression of the coding sequence of interest. 
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reflected in decreased binding of the labeled ligand or decreased production of product from 
such substrate. Molecules that bind gratuitously, i.e., without inducing the effects of 
BASB040 polypeptide are most likely to be good antagonists. Molecules that bind well 
and, as the case may be, increase the rate of product production from substrate, increase 
5 signal transduction, or increase chemical channel activity are agonists. Detection of the rate 
or level of, as the case may be, production of product from substrate, signal transduction, or 
chemical channel activity may be enhanced by using a reporter system. Reporter systems 
that may be useful in this regard include but are not limited to colorimetric, labeled substrate 
converted into product, a reporter gene that is responsive to changes in B ASB040 
1 0 polynucleotide or polypeptide activity, and binding assays known in the art. 

Another example of an assay for BASB040 agonists is a competitive assay that combines 
BASB040 and a potential agonist with BASB040-binding molecules, recombinant 
BASB040 binding molecules, natural substrates or ligands, or substrate or ligand mimetics, 
1 5 under appropriate conditions for a competitive inhibition assay. BASB040 can be labeled, 
such as by radioactivity or a colorimetric compound, such that the number of BASB040 
molecules bound to a binding molecule or converted to product can be determined 
accurately to assess the effectiveness of the potential antagonist. 

20 Potential antagonists include, among others, small organic molecules, peptides, polypeptides 
and antibodies that bind to a polynucleotide and/or polypeptide of the invention and thereby 
inhibit or extinguish its activity or expression. Potential antagonists also may be small 
organic molecules, a peptide, a polypeptide such as a closely related protein or antibody that 
binds the same sites on a binding molecule, such as a binding molecule, without inducing 

25 BASB040- induced activities, thereby preventing the action or expression of B ASB040 
polypeptides and/or polynucleotides by excluding BASB040 polypeptides and/or 
polynucleotides from binding. 
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may simply comprise the steps of mixing a candidate compound with a solution 
containing a polypeptide or polynucleotide of the present invention, to form a mixture, 
measuring BASB040 polypeptide and/or polynucleotide activity in the mixture, and 
comparing the BASB040 polypeptide and/or polynucleotide activity of the mixture to a 
5 standard. Fusion proteins, such as those made from Fc portion and BASB040 

polypeptide, as hereinbefore described, can also be used for high-throughput screening 
assays to identify antagonists of the polypeptide of the present invention, as well as of 
phylogenetically and and/or functionally related polypeptides (see D. Bennett et ai t J Mol 
Recognition, 8:52-58 (1995); and K. Johanson et a/., J Biol Chem, 270(16):9459-9471 
10 (1995)). 

The polynucleotides, polypeptides and antibodies that bind to and/or interact with a 
polypeptide of the present invention may also be used to configure screening methods for 
detecting the effect of added compounds on the production of mRNA and/or polypeptide 
1 5 in cells. For example, an ELIS A assay may be constructed for measuring secreted or cell 
associated levels of polypeptide using monoclonal and polyclonal antibodies by standard 
methods known in the art. This can be used to discover agents which may inhibit or 
enhance the production of polypeptide (also called antagonist or agonist, respectively) 
from suitably manipulated cells or tissues. 

20 

The invention also provides a method of screening compounds to identify those which 
enhance (agonist) or block (antagonist) the action of BASB040 polypeptides or 
polynucleotides, particularly those compounds that are bacteristatic and/or bactericidal. The 
method of screening may involve high-throughput techniques. For example, to screen for 
25 agonists or antagonists, a synthetic reaction mix, a cellular compartment, such as a 

membrane, cell envelope or cell wall, or a preparation of any thereof comprising BASB040 
polypeptide and a labeled substrate or ligand of such polypeptide is incubated in the absence 
or the presence of a candidate molecule that may be a B ASB040 agonist or antagonist. The 
ability of the candidate molecule to agonize or antagonize the BASB040 polypeptide is 
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Preferably, the antibody or variant thereof is modified to make it less immunogenic in the 
individual. For example, if the individual is human the antibody may most preferably be 
"humanized," where the complimentarity determining region or regions of the hybridoma- 
derived antibody has been transplanted into a human monoclonal antibody, for example as 
5 described in Jones et al (1986), Nature 321, 522-525 or Tempest et al. y (1991) 
Biotechnology 9, 266-273. 



Antagonists and Agonists - Assays and Molecules 

1 0 Polypeptides and polynucleotides of the invention may also be used to assess the binding of 
small molecule substrates and ligands in, for example, cells, cell-free preparations, chemical 
libraries, and natural product mixtures. These substrates and ligands may be natural 
substrates and ligands or may be structural or functional mimeucs. See, e.g., Coligan et a/., 
Current Protocols in Immunology 1(2): Chapter 5 (1991). 

15 

The screening methods may simply measure the binding of a candidate compound to the 
polypeptide or polynucleotide, or to cells or membranes bearing the polypeptide or 
polynucleotide, or a fusion protein of the polypeptide by means of a label directly or 
indirectly associated with the candidate compound. Alternatively, the screening method 

20 may involve competition with a labeled competitor. Further, these screening methods 
may test whether the candidate compound results in a signal generated by activation or 
inhibition of the polypeptide or polynucleotide, using detection systems appropriate to the 
cells comprising the polypeptide or polynucleotide. Inhibitors of activation are generally 
assayed in the presence of a known agonist and the effect on activation by the agonist by 

25 the presence of the candidate compound is observed. Constitutively active polypeptide 
and/or constitutively expressed polypeptides and polynucleotides may be employed in 
screening methods for inverse agonists or inhibitors, in the absence of an agonist or 
inhibitor, by testing whether the candidate compound results in inhibition of activation of 
the polypeptide or polynucleotide, as the case may be. Further, the screening methods 
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preparation of monoclonal antibodies, any technique known in the art that provides 
antibodies produced by continuous cell line cultures can be used. Examples include various 
techniques, such as those in Kohler, G. and Milstein, C, Nature 256: 495-497 (1975); 
BCozbor et aL, Immunology Today 4: 72 (1983); Cole et al., pg. 77-96 in MONOCLONAL 
5 ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc. (1985). 

Techniques for the production of single chain antibodies (U.S. Patent No. 4,946,778) can be 
adapted to produce single chain antibodies to polypeptides or polynucleotides of this 
invention. Also, transgenic mice, or other organisms or animals, such as other mammals, 
1 0 may be used to express humanized antibodies immunospecific to the polypeptides or 
polynucleotides of the invention. 

Alternatively, phage display technology may be utilized to select antibody genes with 
binding activities towards a polypeptide of the invention either from repertoires of PCR 
1 5 amplified v-genes of lymphocytes from humans screened for possessing anti-B ASB040 or 
from naive libraries (McCafferty, et a!., (1990), Nature 348, 552-554; Marks, et a!., 
(1992) Biotechnology 10, 779-783). The affinity of these antibodies can also be improved 
by, for example, chain shuffling (Clackson et a/., (1991) Nature 352: 628). 

20 The above-described antibodies may be employed to isolate or to identify clones expressing 
the polypeptides or polynucleotides of the invention to purify the polypeptides or 
polynucleotides by, for example, affinity chromatography. 

Thus, among others, antibodies against BASB040-polypeptide or BASB040-polynucleotide 
25 may be employed to treat infections, particularly bacterial infections. 

Polypeptide variants include antigenicity, epitopically or immunologically equivalent 
variants form a particular aspect of this invention. 
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radioimmunoassays, competitive-binding assays, Western Blot analysis, antibody sandwich 
assays, antibody detection and ELISA assays. 

The polynucleotides of the invention may be used as components of polynucleotide 
5 arrays, preferably high density arrays or grids. These high density arrays are 

particularly useful for diagnostic and prognostic purposes. For example, a set of spots 
each comprising a different gene, and further comprising a polynucleotide or 
polynucleotides of the invention, may be used for probing, such as using hybridization 
or nucleic acid amplification, using a probe obtained or derived from a bodily sample, to 

10 determine the presence of a particular polynucleotide sequence or related sequence in an 
individual. Such a presence may indicate the presence of a pathogen, particularly 
Neisseria meningitidis, and may be useful in diagnosing and/or prognosing disease or a 
course of disease. A grid comprising a number of variants of the polynucleotide 
sequence of SEQ ID NO:l, 3, 5 are preferred. Also preferred is a grid comprising a 

1 5 number of variants of a polynucleotide sequence encoding the polypeptide sequence of 
SEQ ID NO:2, 4, 6. 

Antibodies 

The polypeptides and polynucleotides of the invention or variants thereof, or cells 
20 expressing the same can be used as immunogens to produce antibodies immunospecific for 
such polypeptides or polynucleotides respectively. 

In certain preferred embodiments of the invention there are provided antibodies against 
B ASB040 polypeptides or polynucleotides. 

25 

Antibodies generated against the polypeptides or polynucleotides of the invention can be 
obtained by administering the polypeptides and/or polynucleotides of the invention, or 
epitope-bearing fragments of either or both, analogues of either or both, or cells expressing 
either or both, to an animal, preferably a nonhuman, using routine protocols. For 
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example. For example, RT-PCR can be used to detect mutations in the RNA. It is 
particularly preferred to use RT-PCR in conjunction with automated detection systems, such 
as, for example, GeneScan. RNA, cDNA or genomic DNA may also be used for the same 
purpose, PCR. As an example, PCR primers complementary to a polynucleotide encoding 
5 BASB040 polypeptide can be used to identify and analyze mutations. 

The invention further provides primers with 1, 2, 3 or 4 nucleotides removed from the 5* 
and/or the 3' end. These primers may be used for, among other things, amplifying 
B ASB040 DNA and/or RNA isolated from a sample derived from an individual, such as a 
1 0 bodily material. The primers may be used to amplify a polynucleotide isolated from an 
infected individual, such that the polynucleotide may then be subject to various techniques 
for elucidation of the polynucleotide sequence. In this way, mutations in the polynucleotide 
sequence may be detected and used to diagnose and/or prognose the infection or its stage or 
course, or to serotype and/or classify the infectious agent 

15 

The invention further provides a process for diagnosing disease, preferably bacterial 
infections, more preferably infections caused by Neisseria meningitidis, comprising 
determining from a sample derived from an individual, such as a bodily material, an 
increased level of expression of polynucleotide having a sequence of SEQ ID NO:l, 3, 5. 
20 Increased or decreased expression of a BASB040 polynucleotide can be measured using 
any on of the methods well known in the art for the quantitation of polynucleotides, such 
as, for example, amplification, PCR, RT-PCR, RNase protection, Northern blotting, 
spectrometry and other hybridization methods. 

25 In addition, a diagnostic assay in accordance with the invention for detecting over- 
expression of BASB040 polypeptide compared to normal control tissue samples may be 
used to detect the presence of an infection, for example. Assay techniques that can be used 
to determine levels of a BASB040 polypeptide, in a sample derived from a host, such as a 
bodily material, are well-known to those of skill in the art. Such assay methods include 
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address a variety of questions in molecular genetics including gene expression, genetic 
linkage, and genetic variability (see, for example, Chee etai, Science, 274: 610 (1996)). 

Thus in another aspect, the present invention relates to a diagnostic kit which comprises: 
5 (a) a polynucleotide of the present invention, preferably the nucleotide sequence of SEQ 
ID NO: 1 , 3, 5, or a fragment thereof ; 

(b) a nucleotide sequence complementary to that of (a); 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID NO:2, 4, 
6 or a fragment thereof; or 

10 (d) an antibody to a polypeptide of the present invention, preferably to the polypeptide of 
SEQIDNO:2,4,6. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial 
component. Such a kit will be of use in diagnosing a disease or susceptibility to a disease, 
1 5 among others. 

This invention also relates to the use of polynucleotides of the present invention as 
diagnostic reagents. Detection of a mutated form of a polynucleotide of the invention, 
preferable, SEQ ID NO:l, 3, 5, which is associated with a disease or pathogenicity will 

20 provide a diagnostic tool that can add to, or define, a diagnosis of a disease, a prognosis of a 
course of disease, a determination of a stage of disease, or a susceptibility to a disease, 
which results from under-expression, over-expression or altered expression of the 
polynucleotide. Organisms, particularly infectious organisms, carrying mutations in such 
polynucleotide may be detected at the polynucleotide level by a variety of techniques, such 

25 as those described elsewhere herein. 

Cells from an organism carrying mutations or polymorphisms (allelic variations) in a 
polynucleotide and/or polypeptide of the invention may also be detected at the 
polynucleotide or polypeptide level by a variety of techniques, to allow for serotyping, for 
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Polypeptides and polynucleotides for prognosis, diagnosis or other analysis may be obtained 
from a putatively infected and/or infected individual's bodily materials. Polynucleotides 
from any of these sources, particularly DNA or RNA, may be used directly for detection or 
5 may be amplified enzymatically by using PCR or any other amplification technique prior to 
analysis. RNA, particularly mRNA, cDNA and genomic DNA may also be used in the 
same ways. Using amplification, characterization of the species and strain of infectious or 
resident organism present in an individual, may be made by an analysis of the genotype of a 
selected polynucleotide of the organism. Deletions and insertions can be detected by a 

1 0 change in size of the amplified product in comparison to a genotype of a reference sequence 
selected from a related organism, preferably a different species. of the same genus or a 
different strain of the same species. Point mutations can be identified by hybridizing 
amplified DNA to labeled BASB040 polynucleotide sequences. Perfectly or significantly 
matched sequences can be distinguished from imperfectly or more significantly mismatched 

1 5 duplexes by DNase or RNase digestion, for DNA or RNA respectively, or by detecting 
differences in melting temperatures or renaturation kinetics. Polynucleotide sequence 
differences may also be detected by alterations in the electrophoretic mobility of 
polynucleotide fragments in gels as compared to a reference sequence. This may be carried 
out with or without denaturing agents. Polynucleotide differences may also be detected by 

20 direct DNA or RNA sequencing. See, for example, Myers et al. Science, 230: 1242 (1985). 
Sequence changes at specific locations also may be revealed by nuclease protection assays, 
such as RNase, VI and S 1 protection assay or a chemical cleavage method. See, for 
example, Cotton et al, Proc. Natl Acad Sci, USA, 85: 4397-4401 (1985). 

25 In another embodiment, an array of oligonucleotides probes comprising B ASB040 

nucleotide sequence or fragments thereof can be constructed to conduct efficient screening 
of. for example, genetic mutations, serotype, taxonomic classification or identification. 
Array technology methods are well known and have general applicability and can be used to 
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Polypeptides of the present invention can be recovered and purified from recombinant 
cell cultures by well-known methods including ammonium sulfate or ethanol 
precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, affinity chromatography, 
5 hydroxylapatite chromatography and lectin chromatography. Most preferably, ion metal 
affinity chromatography (IMAC) is employed for purification. Well known techniques 
for refolding proteins may be employed to regenerate active conformation when the 
polypeptide is denatured during intracellular synthesis, isolation and or purification. 

1 0 The expression system may also be a recombinant live microorganism, such as a virus 
or bacterium. The gene of interest can be inserted into the genome of a live recombinant 
virus or bacterium. Inoculation and in vivo infection with this live vector will lead to in 
vivo expression of the antigen and induction of immune responses. Viruses and bacteria 
used for this purpose are for instance: poxviruses (e.g; vaccinia, fowlpox, canarypox), 

1 5 alphaviruses (Sindbis virus, Semliki Forest Virus, Venezuelian Equine Encephalitis 
Virus), adenoviruses^ adeno-associated virus, picomaviruses (poliovirus, rhinovirus), 
herpesviruses (varicella zoster virus, etc), Listeria, Salmonella , Shigella, Neisseria, 
BCG. These viruses and bacteria can be virulent, or attenuated in various ways in order 
to obtain live vaccines. Such live vaccines also form part of the invention. 

20 

Diagnostic, Prognostic, Serotyping and Mutation Assays 

This invention is also related to the use of BASB040 polynucleotides and polypeptides of 
the invention for use as diagnostic reagents. Detection of BASB040 polynucleotides and/or 
polypeptides in a eukaryote, particularly a mammal, and especially a human, will provide a 
25 diagnostic method for diagnosis of disease, staging of disease or response of an infectious 
organism to drugs. Eukaryotes. particularly mammals, and especially humans, particularly 
those infected or suspected to be infected with an organism comprising the BASB040 gene 
or protein, may be detected at the nucleic acid or amino acid level by a variety of well 
known techniques as well as by methods provided herein. 
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Representative examples of appropriate hosts include bacterial cells, such as cells of 
streptococci, staphylococci, enterococci, £. coli, streptomyces, cyanobacteria, Bacillus 
subtiliSy Moraxella catarrhalis, Haemophilus influenzae and Neisseria meningitidis; fungal 
cells, such as cells of a yeast Kluveromyces, Saccharomyces, a basidiomycete, Candida 
5 albicans and Aspergillus; insect cells such as cells of Drosophila S2 and Spodoptera Sf9; 
animal cells such as CHO, COS, HeLa, C127, 3T3, BHK, 293, CV-1 and Bowes melanoma 
cells; and plant cells, such as cells of a gymnosperm or angiosperm. 

A great variety of expression systems can be used to produce the polypeptides of the 
1 0 invention. Such vectors include, among others, chromosomal-, episomal- and virus-derived 
vectors, for example, vectors derived from bacterial plasmids, from bacteriophage, from 
transposons, from yeast episomes, from insertion elements, from yeast chromosomal 
elements, from viruses such as baculoviruses, papova viruses, such as SV40, vaccinia 
viruses, adenoviruses, fowl pox viruses, pseudorabies viruses, picornaviruses, retroviruses, 
1 5 and alphaviruses and vectors derived from combinations thereof, such as those derived from 
plasmid and bacteriophage genetic elements, such as cosmids and phagemids. The 
expression system constructs may contain control regions that regulate as well as engender 
expression. Generally, any system or vector suitable to maintain, propagate or express 
polynucleotides and/or to express a polypeptide in a host may be used for expression in this 
20 regard. The appropriate DNA sequence may be inserted into the expression system by any 
of a variety of well-known and routine techniques, such as, for example, those set forth in 
Sambrook et at, MOLECULAR CLONING, A LABORATORY MANUAL, {supra). 

In recombinant expression systems in eukaryotes, for secretion of a translated protein into 
25 the lumen of the endoplasmic reticulum, into the periplasmic space or into the extracellular 
environment, appropriate secretion signals may be incorporated into the expressed 
polypeptide. These signals may be endogenous to the polypeptide or they may be 
heterologous signals. 
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Nature (1992) 356:152, Eisenbraun etal, DNA Cell Biol (1993) 12: 791) and in vivo 
infection using cloned retroviral vectors (Seeger et al , PNAS USA (1984) 81: 5849). 



5 Vectors, Host Cells. Expression Systems 

The invention also relates to vectors that comprise a polynucleotide or polynucleotides of 
the invention, host cells that are genetically engineered with vectors of the invention and the 
production of polypeptides of the invention by recombinant techniques. Cell-free 
translation systems can also be employed to produce such proteins using RNAs derived 
1 0 from the DNA constructs of the invention. 

Recombinant polypeptides of the present invention may be prepared by processes well 
known in those skilled in the art from genetically engineered host cells comprising 
expression systems. Accordingly, in a further aspect, the present invention relates to 
1 5 expression systems that comprise a polynucleotide or polynucleotides of the present 

invention, to host cells which are genetically engineered with such expression systems, and 
to the production of polypeptides of the invention by recombinant techniques. 

For recombinant production of the polypeptides of the invention, host cells can be 
20 genetically engineered to incorporate expression systems or portions thereof or 

polynucleotides of the invention. Introduction of a polynucleotide into the host cell can be 
effected by methods described in many standard laboratory manuals, such as Davis, et al. t 
BASIC METHODS IN MOLECULAR BIOLOGY, (1986) and Sambrook, et ai, 
MOLECULAR CLONING: A LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor 
25 Laboratory Press, Cold Spring Harbor, MY. (1 989), such as, calcium phosphate 

transfection, DEAE-dextran mediated transfection, transvection, microinjection, cationic 
lipid-mediated transfection, electroporation, transduction, scrape loading, ballistic 
introduction and infection. 
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such inactive precursors generally are activated. Some or all of the prosequences may be 
removed before activation. Generally, such precursors are called proproteins. 

In addition to the standard A, G, C, T/U representations for nucleotides, the term "N" may 
also be used in describing certain polynucleotides of the invention. "N" means that any of 
the four DNA or RNA nucleotides may appear at such a designated position in the DNA 
or RNA sequence, except it is preferred that N is not a nucleic acid that when taken in 
combination with adjacent nucleotide positions, when read in the correct reading frame, 
would have the effect of generating a premature termination codon in such reading frame. 

In sum, a polynucleotide of the invention may encode a mature protein, a mature protein 
plus a leader sequence (which may be referred to as a preprotein), a precursor of a mature 
protein having one or more prosequences that are not the leader sequences of a preprotein, 
or a preproprotein, which is a precursor to a proprotein, having a leader sequence and one or 
more prosequences, which generally are removed during processing steps that produce 
active and mature forms of the polypeptide. 

In accordance with an aspect of the invention, there is provided the use of a 
polynucleotide of the invention for therapeutic or prophylactic purposes, in particular 
genetic immunization. 

The use of a polynucleotide of the invention in genetic immunization will preferably' 
employ a suitable delivery method such as direct injection of plasmid DNA into muscles 
(Wolff et ai, Hum Mol Genet (1992) 1: 363, Manthorpe et ai. Hum. Gene Ther. (1983) 4: 
419), delivery of DNA complexed with specific protein carriers (Wu et al.JBiol Chem. 
(1989) 264: 16985), coprecipitation of DNA with calcium phosphate (Benvenisty & 
Reshef, PNAS USA, (1986) 83: 9551), encapsulation of DNA in various forms of 
liposomes (Kaneda et al. f Science (1989) 243: 375), particle bombardment (Tang et ai. 
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to the existing DNA to give a complete sequence, or carrying out a separate full-length 
PCR using the new sequence information for the design of the 5' primer. 

The polynucleotides and polypeptides of the invention may be employed, for example, as 
5 research reagents and materials for discovery of treatments of and diagnostics for diseases, 
particularly human diseases, as further discussed herein relating to polynucleotide assays. 

The polynucleotides of the invention that are oligonucleotides derived from a sequence of 
SEQ ID NOS:l - 6 may be used in the processes herein as described, but preferably for 
1 0 PCR, to determine whether or not the polynucleotides identified herein in whole or in part 
are transcribed in bacteria in infected tissue. It is recognized that such sequences will also 
have utility in diagnosis of the stage of infection and type of infection the pathogen has 
attained. 

1 5 The invention also provides polynucleotides that encode a polypeptide that is the mature 
protein plus additional amino or carboxyl-terminal amino acids, or amino acids interior to 
the mature polypeptide (when the mature form has more than one polypeptide chain, for 
instance). Such sequences may play a role in processing of a protein from precursor to a" 
mature form, may allow protein transport, may lengthen or shorten protein half-life or may 

20 facilitate manipulation of a protein for assay or production, among other things. As 

generally is the case in vivo, the additional amino acids may be processed away from the 
mature protein by cellular enzymes. 

For each and every polynucleotide of the invention there is provided a polynucleotide 
25 complementary to it. It is preferred that these complementary polynucleotides are fully 
complementary to each polynucleotide with which they are complementary. 

A precursor protein, having a mature form of the polypeptide fused to one or more 
prosequences may be an inactive form of the polypeptide. When prosequences are removed 
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RNA, cDNA and genomic DNA to isolate full-length cDNAs and genomic clones encoding 
BASB040 and to isolate cDNA and genomic clones of other genes that have a high identity, 
particularly high sequence identity, to the BASB040 gene. Such probes generally will 
comprise at least 15 nucleotide residues or base pairs. Preferably, such probes will have at 
5 least 30 nucleotide residues or base pairs and may have at least 50 nucleotide residues or 
base pairs. Particularly preferred probes will have at least 20 nucleotide residues or base 
pairs and will have less than 30 nucleotide residues or base pairs. 

A coding region of a BASB040 gene may be isolated by screening using a DNA sequence 
1 0 provided in SEQ ID NO: 1, 3, 5 to synthesize an oligonucleotide probe. A labeled 

oligonucleotide having a sequence complementary to that of a gene of the invention is then 
used to screen a library of cDNA, genomic DNA or mRNA to determine which members of 
the library the probe hybridizes to. 

1 5 There are several methods available and well known to those skilled in the art to obtain 
full-length DNAs, or extend short DNAs, for example those based on the method of Rapid 
Amplification of cDNA ends (RACE) (see, for example, Frohman, et ai> PNAS USA 85: 
8998-9002, 1988). Recent modifications of the technique, exemplified by the Marathon™ 
technology (Clontech Laboratories Inc.) for example, have significantly simplified the 

20 search for longer cDNAs. In the Marathon™ technology, cDNAs have been prepared 
from mRNA extracted from a chosen tissue and an 'adaptor* sequence ligated onto each 
end. Nucleic acid amplification (PCR) is then carried out to amplify the "missing" 5* end 
of the DNA using a combination of gene specific and adaptor specific oligonucleotide 
primers. The PCR reaction is then repeated using "nested" primers, that is, primers 

25 designed to anneal within the amplified product (typically an adaptor specific primer that 
anneals further 3' in the adaptor sequence and a gene specific primer that anneals further 5" 
in the selected gene sequence). The products of this reaction can then be analyzed by 
DNA sequencing and a full-length DNA constructed either by joining the product directly 
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In accordance with certain preferred embodiments of this invention there are provided 
polynucleotides that hybridize, particularly under stringent conditions, to BASB040 
polynucleotide sequences, such as those polynucleotides in SEQ ID NO: 1,3,5. 

5 The invention further relates to polynucleotides that hybridize to the polynucleotide 

sequences provided herein. In this regard, the invention especially relates to polynucleotides 
that hybridize under stringent conditions to the polynucleotides described herein. As herein 
used, the terms "stringent conditions" and "stringent hybridization conditions" mean 
hybridization occurring only if there is at least 95% and preferably at least 97% identity 

1 0 between the sequences. A specific example of stringent hybridization conditions is 

overnight incubation at 42°C in a solution comprising: 50% formamide, 5x SSC (150mM 
NaCl, 15mM trisodium citrate), 50 mM sodium phosphate (pH7.6), 5x Denhardt's 
solution, 10% dextran sulfate, and 20 micrograms/ml of denatured, sheared salmon sperm 
DNA, followed by washing the hybridization support in 0.1 x SSC at about 65°C. 

1 5 Hybridization and wash conditions are well known and exemplified in Sambrook, et aL, 
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor, N. Y., 
(1989), particularly Chapter 1 1 therein. Solution hybridization may also be used with the 
polynucleotide sequences provided by the invention. 

20 The invention also provides a polynucleotide consisting of or comprising a polynucleotide 
sequence obtained by screening an appropriate library containing the complete gene for a 
polynucleotide sequence set forth in SEQ ID NO:l, 3, 5 under stringent hybridization 
conditions with a probe having the sequence of said polynucleotide sequence set forth in 
SEQ ID NO:l, 3, 5 or a fragment thereof; and isolating said polynucleotide sequence. 

25 Fragments useful for obtaining such a polynucleotide include, for example, probes and 
primers fully described elsewhere herein. 

As discussed elsewhere herein regarding polynucleotide assays of the invention, for 
instance, the polynucleotides of the invention, may be used as a hybridization probe for 
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integrated transposon sequence, or due to RNA editing or genomic DNA reorganization) 
together with additional regions, that also may contain coding and/or non-coding sequences. 

The invention further relates to variants of the polynucleotides described herein that encode 
5 variants of a polypeptide having a deduced amino acid sequence of SEQ ID NO:2, 4, 6. 
Fragments of polynucleotides of the invention may be used, for example, to synthesize full- 
length polynucleotides of the invention. 

Further particularly preferred embodiments are polynucleotides encoding BASB040 
1 0 variants, that have the amino acid sequence of BASB040 polypeptide of $EQ ID NO:2, 4, 6 
in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no amino acid residues are substituted, 
modified, deleted and/or added, in any combination. Especially preferred among these are 
silent substitutions, additions and deletions, that do not alter the properties and activities of 
BASB040 polypeptide. 

15 

Further preferred embodiments of the invention are polynucleotides that are at least 85% 
identical over their entire length to a polynucleotide encoding BASB040 polypeptide having 
an amino acid sequence set out in SEQ ID NO:2, 4, 6, and polynucleotides that are 
complementary to such polynucleotides. In this regard, polynucleotides at least 90% 
20 identical over their entire length to the same are particularly preferred, and among these 
particularly preferred polynucleotides, those with at least 95% are especially preferred. 
Furthermore, those with at least 97% are highly preferred among those with at least 95%, 
and among these those with at least 98% and at least 99% are particularly highly preferred, 
with at least 99% being the more preferred. 

25 

Preferred embodiments are polynucleotides encoding polypeptides that retain substantially 
the same biological function or activity as the mature polypeptide encoded by a DNA of 
SEQ ID NO: 1,3, 5. 
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non-coding^sequence, including for example, but not limited to at least one non-coding 5' 
and 3' sequence, such as the transcribed but non-translated sequences, termination signals 
(such as rho-dependent and rho-independent termination signals), ribosome binding sites, 
Kozak sequences, sequences that stabilize mRNA, introns, and polyadenylation signals. 
5 The polynucleotide sequence may also comprise additional coding sequence encoding 
additional amino acids. For example, a marker sequence that facilitates purification of the 
fused polypeptide can be encoded. In certain embodiments of the invention, the marker 
sequence is a hexa-histidine peptide, as provided in the pQE vector (Qiagen, Inc.) and 
described in Gentz et aL, Proc. Natl. Acad ScL USA 86: 821-824 (1989), or an HA peptide 
1 0 tag (Wilson et al , Cell 37: 161 ( 1 984), both of which may be useful in purifying 

polypeptide sequence fused to them. Polynucleotides of the invention also include, but are 
not limited to, polynucleotides comprising a structural gene and its naturally associated 
sequences that control gene expression. 

1 5 The nucleotide sequence encoding BASB040 polypeptide of SEQ ID NO:2, 4, 6 may be 
identical to the polypeptide encoding sequence contained in nucleotides 1 to 1827 of SEQ 
ID NO:l, or the polypeptide encoding sequence contained in nucleotides 1 to 1827 of SEQ 
ID NO:3, or the polypeptide encoding sequence contained in nucleotides 1 to 1761 of SEQ 
ID NO:5, respectively. Alternatively it may be a sequence, which as a result of the 

20 redundancy (degeneracy) of the genetic code, also encodes the polypeptide of SEQ ID 
NO:2,4, 6. 

The term "polynucleotide encoding a polypeptide " as used herein encompasses 
polynucleotides that include a sequence encoding a polypeptide of the invention, 
25 particularly a bacterial polypeptide and more particularly a polypeptide of the Neisseria 
meningitidis BASB040 having an amino acid sequence set out in SEQ ID NO:2, 4, 6. The 
term also encompasses polynucleotides that include a single continuous region or 
discontinuous regions encoding the polypeptide (for example, polynucleotides interrupted 
by integrated phage, an integrated insertion sequence, an integrated vector sequence, an 
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The polynucleotide of SEQ ID NO:5, between the first codon at nucleotide number 1 and 
the stop codon which begins at nucleotide number 1762 of SEQ ID NO:5, encodes the 
polypeptide of SEQ IDNO:6. 

In a further aspect the present invention provides for an isolated polynucleotide 
comprising or consisting of: 

(a) a polynucleotide sequence which has at least 85% identity, more preferably at least 
90% identity, yet more preferably at least 95% identity, even more preferably at least 
97-99% or exact identity to SEQ ID NO: 1,3,5 over the entire length of SEQ ID 

NO: 1,3,5 respectively; or 

(b) a polynucleotide sequence encoding a poiypepude which has at least 85% identity, 
more preferably at least 90% identity, yet more preferably at least 95% identity, even 
more preferably at least 97-99% or 100% exact, to the amino acid sequence of SEQ ID 
NO:2, 4, 6 over the entire length of SEQ ID NO:2, 4, 6 respectively. 

A polynucleotide encoding a polypeptide of the present invention, including homologs and 
orthologs from species other than Neisseria meningitidis, may be obtained by a process 
which comprises the steps of screening an appropriate library under stringent hybridization 
conditions (for example, using a temperature in the range of 45 - 65°C and an SDS 
concentration from 0.1 - 1%) with a labeled or detectable probe consisting of or comprising 
the sequence of SEQ ID NO: 1 , 3, 5 or a fragment thereof; and isolating a full-length gene 
and/or genomic clones containing said polynucleotide sequence. 

The invention provides a polynucleotide sequence identical over its entire length to a coding 
sequence (open reading frame) in SEQ ID NO: 1, 3, 5. Also provided by the invention is a 
coding sequence for a mature poiypepude or a fragment thereof, by itself as well as a coding 
sequence for a mature polypeptide or a fragment in reading frame with another coding 
sequence, such as a sequence encoding a leader or secretory sequence, a pre-, or pro- or 
prepro-protein sequence. The polynucleotide of the invention may also contain at least one 



- 11 - 



# 

WO 00/34480 PCI7EP99/09560 

SEQ ID NO: 1 ,3,5, typically a library of clones of chromosomal DNA of Neisseria 
meningitidis in Exoli or some other suitable host is probed with a radiolabeled 
oligonucleotide, preferably a 17-mer or longer, derived from a partial sequence. Clones 
carrying DNA identical to that of the probe can then be distinguished using stringent 
5 hybridization conditions. By sequencing the individual clones thus identified by 
hybridization with sequencing primers designed from the original polypeptide or 
polynucleotide sequence it is then possible to extend the polynucleotide sequence in both 
directions to determine a full length gene sequence. Conveniently, such sequencing is 
performed, for example, using denatured double stranded DNA prepared from a plasmid 

1 0 clone. Suitable techniques are described by Maniatis, T., Fritsch, E.F. and Sambrook et 
al., MOLECULAR CLONING, A LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York (1989). (see in particular Screening By 
Hybridization 1.90 and Sequencing Denatured Double-Stranded DNA Templates 13.70). 
Direct genomic DNA sequencing may also be performed to obtain a full length gene 

1 5 sequence. Illustrative of the invention, each polynucleotide set out in SEQ ID NO: 1 ,3,5 
was discovered in a DNA library derived from Neisseria meningitidis. 

Moreover, each DNA sequence set out in SEQ ID NO: 1,3,5 contains an open reading frame 
encoding a protein having about the number of amino acid residues set forth in SEQ ID 
20 NO:2, 4, 6 with a deduced molecular weight that can be calculated using amino acid residue 
molecular weight values well known to those skilled in the art. 

The polynucleotide of SEQ ID NO:l, between the start codon at nucleotide number 1 and 
the stop codon which begins at nucleotide number 1828 of SEQ ID NO: 1, encodes the 
25 polypeptide of SEQ ID NO:2. 

The polynucleotide of SEQ ID NO:3, between the start codon at nucleotide number 1 and 
the stop codon which begins at nucleotide number 1828 of SEQ ID NO:3, encodes the 
polypeptide of SEQ ID NO:4. 
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In a particularly preferred embodiment of the invention the polynucleotide comprises a 
region encoding BASB040 polypeptides comprising a sequence set out in SEQ ID NO: 1,3,5 
which includes a full length gene, or a variant thereof. 

5 The BASB040 polynucleotides provided in SEQ ID NO: 1 ,3 and 5 are the BASB040 
polynucleotides from Neisseria meningitidis strains ATCC 13090 and H44/76. 

As a further aspect of the invention there are provided isolated nucleic acid molecules 
encoding and/or expressing B ASB040 polypeptides and polynucleotides, particularly 
1 0 Neisseria meningitidis B ASB040 polypeptides and polynucleotides, including, for 
example, unprocessed RNAs, ribozyme RNAs, mRNAs, cDNAs. genomic DNAs, B- 
and Z-DNAs. Further embodiments of the invention include biologically, 
diagnostically, prophylactically, clinically or therapeutically useful polynucleotides and 
polypeptides, and variants thereof, and compositions comprising the same. 

15 

Another aspect of the invention relates to isolated polynucleotides, including at least one full 
length gene, that encodes a BASB040 polypeptide having a deduced amino acid sequence of 
SEQ ID NO:2,4,6 and polynucleotides closely related thereto and variants thereof. 

20 In another particularly preferred embodiment of the invention there is a BASB040 
polypeptide from Neisseria meningitidis comprising or consisting of an amino acid 
sequence of SEQ ID NO:2,4,6 or a variant thereof. 

Using the information provided herein, such as a polynucleotide sequence set out in SEQ ID 
25 NO: I, 3,5 a polynucleotide of the invention encoding BASB040 polypeptide may be 
obtained using standard cloning and screening methods, such as those for cloning and 
sequencing chromosomal DNA fragments from bacteria using Neisseria meningitidis cells 
as starting material, followed by obtaining a full length clone. For example, to obtain a 
polynucleotide sequence of the invention, such as a polynucleotide sequence given in 
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expression of fusion proteins. Purification of hybrid proteins containing the C-LytA 
fragment at its amino terminus has been described {Biotechnology: 10, (1992) page 
795-798} . It is possible to use the repeat portion of the LytA molecule found in the C 
terminal end starting at residue 178, for example residues 1 88 - 305. 

5 

The present invention also includes variants of the aforementioned polypeptides, that is 
polypeptides that vary from the referents by conservative amino acid substitutions, 
whereby a residue is substituted by another with like characteristics. Typical such 
substitutions are among Ala, Val, Leu and He; among Ser and Thr; among the acidic 
1 0 residues Asp and Glu; among Asn and Gin; and among the basic residues Lys and Arg; or 
aromatic residues Phe and Tyr. 

Polypeptides of the present invention can be prepared in any suitable manner. Such 
polypeptides include isolated naturally occurring polypeptides, recombinantly produced 
1 5 polypeptides, synthetically produced polypeptides, or polypeptides produced by a 
combination of these methods. Means for preparing such polypeptides are well 
understood in the art. 

It is most preferred that a polypeptide of the invention is derived from Neisseria 
20 meningitidis, however, it may preferably be obtained from other organisms of the same 

taxonomic genus. A polypeptide of the invention may also be obtained, for example, from 
organisms of the same taxonomic family or order. 

Polynucleotides 

25 It is an object of the invention to provide polynucleotides that encode BASB040 

polypeptides, particularly polynucleotides that encode the polypeptide herein designated 
BASB040. 
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portions of the constant regions of heavy or light chains of immunoglobulins of various 
subclasses (IgG, IgM, IgA, IgE). Preferred as an immunoglobulin is the constant part of 
the heavy chain of human IgG, particularly IgG 1, where fusion takes place at the hinge 
region. In a particular embodiment, the Fc part can be removed simply by incorporation 
5 of a cleavage sequence which can be cleaved with blood clotting factor Xa. 

Furthermore, this invention relates to processes for the preparation of these fusion 
proteins by genetic engineering, and to the use thereof for drug screening, diagnosis and 
therapy. A further aspect of the invention also relates to polynucleotides encoding such 
10 fusion proteins. Examples of fusion protein technology can be found in International 
Patent Application Nos. W094/29458 and W094/22914. 

The proteins may be chemically conjugated, or expressed as recombinant fusion 
proteins allowing increased levels to be produced in an expression system as compared 
1 5 to non-fused protein. The fusion partner may assist in providing T helper epitopes 

(immunological fusion partner), preferably T helper epitopes recognised by humans, or 
assist in expressing the protein (expression enhancer) at higher yields than the native 
recombinant protein. Preferably the fusion partner will be both an immunological 
fusion partner and expression enhancing partner. 

20 

Fusion partners include protein D from Haemophilus influenzae and the non-structural 
protein from influenzae virus, NS1 (hemagglutinin). Another fusion partner is the 
protein known as LytA. Preferably the C terminal portion of the molecule is used. 
LytA is derived from Streptococcus pneumoniae which synthesize an N-acetyl-L- 
25 alanine amidase, amidase LytA, (coded by the lytA gene {Gene, 43 (1986) page 265- 
272}) an autolysin that specifically degrades certain bonds in the peptidoglycan 
backbone. The C-terminal domain of the LytA protein is responsible for the affinity to 
the choline or to some choline analogues such as DEAE. This property has been 
exploited for the development of E.coli C-LytA expressing plasmids useful for 
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forming regions, hydrophilic regions, hydrophobic regions, alpha amphipathic regions, beta 
amphipathic regions, flexible regions, surface-forming regions, substrate binding region, and 
high antigenic index regions. 

5 Further preferred fragments include an isolated polypeptide comprising an amino acid 
sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids from the amino 
acid sequence of SEQ ID NO:2,4,6, or an isolated polypeptide comprising an amino acid 
sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids truncated or 
deleted from the amino acid sequence of SEQ ID NO:2,4,6. 

10 

Fragments of the polypeptides of the invention may be employed for producing the 
corresponding full-length polypeptide by peptide synthesis; therefore, these fragments 
may be employed as intermediates for producing the full-length polypeptides of the 
invention. 

15 

Particularly preferred are variants in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids 
are substituted, deleted, or added in any combination. 

The polypeptides, or immunogenic fragments, of the invention may be in the form of 
20 the "mature" protein or may be a part of a larger protein such as a precursor or a fusion 
protein. It is often advantageous to include an additional amino acid sequence which 
contains secretory or leader sequences, pro-sequences, sequences which aid in 
purification such as multiple histidine residues, or an additional sequence for stability 
during recombinant production. Furthermore, addition of exogenous polypeptide or 
25 lipid tail or polynucleotide sequences to increase the immunogenic potential of the final 
molecule is also considered. 

In one aspect, the invention relates to genetically engineered soluble fusion proteins 
comprising a polypeptide of the present invention, or a fragment thereof, and various 
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The BASB040 polypeptides provided in SEQ ID NO:2,4,6 are the BASB040 polypeptides 
from Neisseria meningitidis strains ATCC 13090 and H44/76. 

The invention also provides an immunogenic fragment of a BASB040 polypeptide, that 
5 is. a contiguous portion of the BASB040 polypeptide which has the same or substantially 
the same immunogenic activity as the polypeptide comprising the amino acid sequence of 
SEQ ID NO:2,4,6. That is to say, the fragment (if necessary when coupled to a carrier) is 
capable of raising an immune response which recognises the BASB040 polypeptide. 
Such an immunogenic fragment may include, for example, the BASB040 polypeptide 
1 0 lacking an N-terminal leader sequence, and/or a transmembrane domain and/or a C- 

terminal anchor domain. In a preferred aspect the immunogenic fragment of BASB040 
according to the invention comprises substantially all of the extracellular domain of a 
polypeptide which has at least 85% identity, more preferably at least 90% identity, yet 
more preferably at least 95% identity, most preferably at least 97-99% identity, to that 
1 5 of SEQ ID NO:2,4,6 over the entire length of SEQ ID NO:2,4,6. 



A fragment is a polypeptide having an amino acid sequence that is entirely the same as part 
but not all of any amino acid sequence of any polypeptide of the invention. As with 
BASB040 polypeptides, fragments may be "free-standing," or comprised within a larger 
20 polypeptide of which they form a part or region, most preferably as a single continuous 
region in a single larger polypeptide. 

Preferred fragments include, for example, truncation polypeptides having a portion of an 
amino acid sequence of SEQ ID NO:2,4,6 or of variants thereof, such as a continuous series 
25 of residues that includes an amino- and/or carboxyl-terminal amino acid sequence. 
. Degradation forms of the polypeptides of the invention produced by or in a host cell, are 
also preferred. Further preferred are fragments characterized by structural or functional 
attributes such as fragments that comprise alpha-helix and alpha-helix forming regions, 
beta-sheet and beta-sheet- forming regions, turn and turn-forming regions, coil and coil- 
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The invention relates to BASB040 polypeptides and polynucleotides as described in greater 
detail below. In particular, the invention relates to polypeptides and polynucleotides of 
B ASB040 of Neisseria meningitidis, which is related by amino acid sequence homology to 
Neisseria meningitidis Dl 5 outer membrane protein. The invention relates especially to 
5 B ASB040 having the nucleotide and amino acid sequences set out in SEQ ID NO: 1 ,3,5 and 
SEQ ID NO:2,4,6 respectively. It is understood that sequences recited in the Sequence 
Listing below as "DNA" represent an exemplification of one embodiment of the 
invention, since those of ordinary skill will recognize that such sequences can be usefully 
employed in polynucleotides in general, including ribopolynucleotides. 

10 

Polypeptides 

In one aspect of the invention there are provided polypeptides of Neisseria meningitidis 
referred to herein as "BASB040" and "BASB040 polypeptides" as well as biologically, 
diagnostically, prophylactically, clinically or therapeutically useful variants thereof, and 
1 5 compositions comprising the same. 

The present invention further provides for 

(a) an isolated polypeptide which comprises an amino acid sequence which has at least 
85% identity, more preferably at least 90% identity, yet more preferably at least 95% 

20 identity, most preferably at least 97-99% or exact identity, to that of SEQ ID NO:2, 4, 6; 

(b) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide 
sequence which has at least 85% identity, more preferably at least 90% identity, yet more 
preferably at least 95% identity, even more preferably at least 97-99% or exact identity to 
SEQ ID NO: 1,3,5 over the entire length of SEQ ID NO: 1,3,5 respectively; or 

25 (c) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide 

sequence encoding a polypeptide which has at least 85% identity, more preferably at least 
90% identity, yet more preferably at least 95% identity, even more preferably at least 97- 
99% or exact identity, to the amino acid sequence of SEQ ID NO:2, 4, 6; 
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crucial for immunity against meningococcal disease (Ross, S.C., Rosenthal PJ., Berberic, 
H.M., Densen, P. J. Infect. Dis. 155: 1266-1275, 1987). 

The frequency of Neisseria meningitidis infections has risen dramatically in the past few 
5 decades. This has been attributed to the emergence of multiply antibiotic resistant strains 
and an increasing population of people with weakened immune systems. It is no longer 
uncommon to isolate Neisseria meningitidis strains that are resistant to some or all of the 
standard antibiotics. This phenomenon has created an unmet medical need and demand for 
new anti-microbial agents, vaccines, drug screening methods, and diagnostic tests for this 
1 0 organism. 



SUMMARY OF THE INVENTION 

The present invention relates to BASB040, in particular BASB040 polypeptides and 
1 5 B ASB040 polynucleotides, recombinant materials and methods for their production. In 
another aspect, the invention relates to methods for using such polypeptides and 
polynucleotides, including prevention and treatment of microbial diseases, amongst others. 
In a further aspect, the invention relates to diagnostic assays for detecting diseases 
associated with microbial infections and conditions associated with such infections, such 
20 as assays for detecting expression or activity of BASB040 polynucleotides or 
polypeptides. 

Various changes and modifications within the spirit and scope of the disclosed invention 
will become readily apparent to those skilled in the art from reading the following 
25 descriptions and from reading the other parts of the present disclosure. 



DESCRIPTION OF THE INVENTION 
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The polysaccharide vaccines are currently being improved by way of chemical conjugating 
them to carrier proteins (Lieberman, J.M., Chiu. S.S., Wong, V.K., et ai. JAMA 275 : 1499- 
1503, 1996). 

A serogroup B vaccine is not available, since the B capsular polysaccharide was found to be 
nonimmunogenic, most likely because it shares structural similarity to host components 
(Wyle, F.A., Artenstein, M.S., Brandt, M.L. et ai. J. Infect. Dis. 126: 514-522, 1972; Finne, 
J.M., Leinonen, M„ Makela, P.M. Lancet ii.: 355-357, 1983). 

For many years efforts have been initiated and carried out to develop meningococcal outer 
membrane based vaccines (de Moraes, J.C., Perkins, B., Camargo, M.C. et ai. Lancet 340: 
1074-1078, 1992; Bjune, G., Hoiby, E.A. Gronnesby, J.K. et al. 338: 1093-1096, 1991). 
Such vaccines have demonstrated efficacies from 57% - 85% in older children (>4 years) 
and adolescents. 

Many bacterial outer membrane components are present in these vaccines, such as PorA, 
PorB, Rmp, Opc, Opa, FrpB and the contribution of these components to the observed 
protection still needs futher definition. Other bacterial outer membrane components have 
been defined by using animal or human antibodies to be potentially relevant to the induction 
of protective immunity, such as TbpB and NspA (Martin, D., Cadieux, N., Hamel, J., 
Brodeux, B.R., J. Exp. Med. 185: 1173-1183, 1997; Lissolo, L., Maitre-Wiimotte, C, 
Dumas, p. et al, Inf. Immun. 63: 884-890, 1995). The mechanisms of protective immunity 
will involve antibody mediated bactericidal activity and opsonophagocytosis. 

A bacteremia animal model has been used to combine all antibody mediated mechanisms 
(Saukkonen, K., Leinonen, M„ Abdillahi, H. Poolman, J. T. Vaccine 7: 325-328, 1989). It is 
generally accepted that the late complement component mediated bactericidal mechanism is 
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POLYPEPTIDES AND POLYNUCLEOTIDES "BASB040" FROM NEISSERIA 
MENINGITIDIS AND VACCINE COMPRISING SAID POLYPEPTIDES AND 

POLYNUCLEOTIDES 

FIELD OF THE INVENTION 

This invention relates to polynucleotides, (herein referred to as "BASB040 
polynucleotide^)"), polypeptides encoded by them (referred to herein as "BASB040" or 
"BASB040 polypeptide(s)"), recombinant materials and methods for their production. In 
another aspect, the invention relates to methods for using such polypeptides and 
polynucleotides, including vaccines against bacterial infections. In a further aspect, the 
invention relates to diagnostic assays for detecting infection of certain pathogens. 

BACKGROUND OF THE INVENTION 

Neisseria meningitidis (meningococcus) is a Gram-negative bacterium frequently isolated 
from the human upper respiratory tract. It occasionally causes invasive bacterial diseases 
such as bacteremia and meningitis. The incidence of meningococcal disease shows 
geographical seasonal and annual differences (Schwartz, B. t Moore, P.S., Broome, C.V.; 
Clin. Microbiol. Rev. 2 (Supplement), S18-S24, 1989). Most disease in temperate countries 
is due to strains of serogroup B and varies in incidence from 1-10/100,000/year total 
population sometimes reaching higher values (Kac2marski, E.B. (1997), Commun. Dis. 
Rep. Rev. 7: R55-9, 1995; Scholten, R.J.P.M., Bijlmer, H.A., Poolman, J.T. et al. Clin. 
Infect. Dis. 16: 237-246, 1993; Cruz, C. ; Pavez, G. ; Aguilar, E., et al. Epidemiol. Infect. 
105: 119-126, 1990). 

Epidemics dominated by serogroup A meningococci, mostly in central Africa, are 
encountered, sometimes reaching levels up to 1 000/1 00.000/year (Schwartz, B., Moore, 
P.S., Broome, C.V. Clin. Microbiol. Rev. 2 (Supplement), S18-S24, 1989). Nearly all cases 
as a whole of meningococcal disease are caused by serogroup A, B, C, W-135 and Y 
meningococci and a tetravalent A, C, W-135, Y polysaccharide vaccine is available 
(Armand, J.. Arminjon, F., Mynard, M.C., Lafaix, C, J. Biol. Stand. 10: 335-339, 1982). 
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Vaccines 

The present invention relates to novel vaccine formulations, to methods of their 
production and to their use in medicine. In particular, the present invention relates to 
5 an oil in water emulsion. Such emulsions comprise tocopherol, squalene, Tween 80, 
Span 85 and Lecithin and have useful adjuvant properties. Vaccines containing QS21, 
an Hplc purified non-toxic fraction derived from the bark of Quillaja Saponaria Molina, 
and/or 3 De-O-acylated monophosphoryl lipid A (3 D-MPL), together with such oil in 
water emulsions also form part of the invention. 

10 

3 De-O-acylated monophosphoryl lipid A is known from GB2220 21 1 (R&i). 
Chemically h is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 
acylated chains and is manufactured by Ribi Immunochem Montana. A preferred form 
of 3 De-O-acylated monophosphoryl lipid A is disclosed in International Patent 
15 Apphcation No. 92/1 16556. 

QS21 is a Hplc purified non toxic fraction of a saponin from the bark of the South 
American tree Quillaja Saponaria Molina and its method of its production is disclosed 
(as QA21) in US patent No. 5,057,540. 

20 

Oil in water emulsions per se are known in the art, and have been suggested to be 
useful as adjuvant compositions (EPO 399843). 

The present invention is based on the surprising discovery that an oil in water emulsion 
25 of the present invention, which unlike emulsions of the prior art contain tocopherol, as 
such or in combination with QS21 and/or 3 D-MPL enhance immune responses to a 
given antigen. Such enhancement available affords better immunological responses 
than hitherto before. 

Additionally the oil in water emulsions of the present invention when formulated with 3 
D-MPL and QS21 are preferential stimulators of IgG2a production and TH1 cell 
response. This is advantageous, because of the known implication of THj response in 
cell mediated response. Indeed in mice induction of IgG2a is correlated with such an 
immune response. 

F r example a vaccine formulation of the HIV antigen gp!20 in such a combination 
results in a powerful synergistic induction f gpl 20 protein specific immune 
resp rises. 



30 



35 



WO 95/17209 



PCT7EP94/04227 



The observation that it is possible to induce strong cytolytic T lymphocyte responses is 
significant as these responses, in certain animal models have been shown to induce 
protection against disease. 

5 

The present inventors have shown that the combination of the adjuvants QS21 and 3D- 
MPL together with an oil in water emulsion with an antigen results in a powerful 
induction of CS protein specific CTL in the spleen. QS21 also enhances induction of 
CTL on its own, while 3D-MPL does not. 

10 

Induction of CTL is easily seen when the target antigen is synthesised intracellulariy 
(e.g. in infections by viruses, intracellular bacteria, or in tumours), because peptides 
generated by proteolytic breakdown of the antigen can enter the appropriate 
processing pathway, leading to presentation in association with class I molecules on 

15 the cell membrane. However, in general, pre-fbrmed soluble antigen does not reach 
this processing and presentation pathway, and does not elicit class I restricted CTL. 
Therefore conventional non-living vaccines, while eliciting antibody and T helper 
responses, do not generally induce CTL mediated Immunity. The combination of the 
two adjuvants QS21 and 3D-MPL together with an oil in water emulsion can . 

20 overcome this serious limitation of vaccines based or recombinant proteins, and induce 
a wider spectrum of immune responses. 

CTL specific for CS protein have been shown to protect from malaria in mouse model 
systems (Romero et al. Nature 341:323 (1989)). In human trials where volunteers 
25 were immunised using irradiated sporozohes of P. falciparum, and shown to be 
protected against subsequent malaria challenge, induction of CTL specific for CS 
epitopes was demonstrated (Malik et al. Proc. Natl. Acad. Sci USA 88:3300 (1991)). 

The ability to induce CTL specific for an antigen administered as a recombinant 
30 molecules is relevant to malaria vaccine development, since the use of irradiated 

sporozohes would be impractical, on the grounds of production and the nature of the 
immune response. 

RTS is a hybrid protein comprising substantially all the C-terrninal portion of the 
35 circumsporozoite (CS) protein of P.falciparum linked via four amino acids of the preS2 
portion of Hepatitis B surface antigen to the surface (S) antigen of hepatitis B virus. 
It's full structure is disclosed in co-pending International Patent Application No. 
PCT/EP92/02591, published under Number WO 93/10152 daiming priority from UK 
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patent application No.9124390.7. When expressed in yeast RTS is produced as a 
lipoprotein particle, and when it is co-expressed with the S antigen from HB V it 
produces a mixed particle known as RTS,S. 

5 In addition to human immunodeficiency virus and malaria vaccines, the ability to 
induce CTL responses would benefit vaccines against herpes simplex virus, 
cytomegalovirus, and generally all cases where the pathogen has an intracellular life 
stage. 

10 Likewise, CTL specific for known tumour antigens could be induced by a combination 
of a recombinant tumour antigen and the two adjuvants. This would allow the 
development of anti cancer vaccines. 

In certain systems, the combination of 3D-MPL and QS21 together with an oil in 
1 5 water emulsion have been able to synergistically enhance interferon y production. The 
present inventors have demonstrated the potential of 3D-MPL and QS21 together 
with an oil in water emulsion by utilising a herpes simplex antigen known as gD^* 
gD2t is a soluble truncated glycoprotein D from HSV-2 and is produced in CHO cells 
according to the methodology Berman et al . Science 222 524-527. 

20 

IFN-y secretion is associated with protective responses against intracellular pathogens, 
including parasites, bacteria and viruses. Activation of macrophages by IFN-y 
enhances intracellular killing of microbes and increases expression of Fc receptors. 
Direct cytotoxicity may also occur, especially in synergism with lymphotoxm (another 
25 product of TH1 cells). IFN-y is also both an inducer and a product of NK cells, which 
are major innate effectors of protection. TH1 type responses, either through IFN-y or 
other mechanisms, provide preferential help for IgG2a utimunoglobulin isotypes. 

Glycoprotein D is located on the viral envelope, and is also found in the cytoplasm of 
30 infected cells (Eisenberg R.J. e|_aL J. of Virol. 1980 35 428-435). It comprises 393 
amino acids including a signal peptide and has a molecular weight of approximately 
60kD. Of all the HSV envelope glycoproteins this is probably the best characterized 
(Cohen etal. J. Virology 60 157-166). Invivp_it is known to play a central role in 
viral attachment to cell membranes. Moreover, glycoprotein D has been shown to be 
35 able to elict neutralizing antibodies in vivo (Eing etal. J. Med Virology 127: 59-65). 
However, latent HSV2 virus can still be reactivated and induce recurrence of the 
disease despite the presence of high neutralizing antibodies titre in the patients sera. It 
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is therefore apparent that the ability to induce neutralizing antibody alone is insufficient 
to adequately control the disease. 

In order to prevent recurrence of the disease, any vaccine will need to stimulate not 
5 only neutralizing antibody, but also cellular immunity mediated through T-cells, 
particularly cytotoxic T-cells. 

In this instance the gD 2 t is HSV2 glycoprotein D of 308 amino acids which comprises 
amino acids 1 though 306 of the naturally occurring glycoprotein with the addition of 
10 Asparagine and Glutamine at the C terminal end of the truncated protein. This form of 
the protein includes the signal peptide which is cleaved to yield a mature 283 amino 
acid protein. The production of such a protein in Chinese Hamster ovary cells has 
been described in Genentech's European patent EP-B-139 417. 

1 5 The mature truncated glycoprotein D (rgD2t) or equivalent proteins secreted from 
mammalian cells, is preferably used in the vaccine formulations of the present 
. invention. 

The formulations of the present invention are very effective in inducing protective 
20 immunity in a genital herpes model in guinea pigs: Even with very low doses of antigen 
(e.g. as low as 5 ug rgD2t) the formulations protect guinea pigs against primary 
infection and also stimulate specific neutralising antibody responses. The inventors, 
utilising formulation of the present invention, have also demonstrated Effector cell 
mediated responses of the TH1 type in mice. 

25 

Accordingly, in one preferred embodiment of the present invention provides a vaccine 
or pharmaceutical formulation comprising an antigen in conjunction with 3 De-O- 
acylated monophosphoryl lipid A, QS21and an oil in water emulsion wherein the oil in 
water emulsion comprises a metabolisible oil, such as squalene, alpha tocopherol and 
30 tween 80. Such a formulation is suitable for a broad range of monovalent or 

polyvalent vaccines. Additionally the oil in water emulsion may contain span 85. A 
preferred form of 3 De-O-acylated monophosphoyl lipio A is disclosed in International 
patent application published under No. 921 16556 - SmhhKline Beecham Biologicals 
s.a. 

35 

The oil in water emulsion may be utilised on its own or with other adjuvants or 
irnmuno-stimulants and therefore an important embodiment of the invention is an oil in 
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water formulation comprising squalene or another metabolisable oil, alpha tocopherol, 
and tween 80. The oil in water emulsion may also contain span 85 and/or Lecithin. 

Preferably the vaccine formulations will contain an antigen or antigenic composition 
5 capable of eliciting an immune response against a human or animal pathogen, which 
antigen or antigenic composition is derived from HIV- 1, (such as gpl20 or gpl60), 
any of Feline Immunodeficiency virus, human or animal herpes viruses, such as gD or 
derivatives thereof or Immediate Early protein such as ICP27 from HSV1 or HSV2, 
cytomegalovirus ((esp Human)(such as gB or derivatives thereof), Varicella Zoster 

10 Virus (such as gpl, II or III), or from a hepatitis virus such as hepatitis B virus for 

example Hepatitis B Surface antigen or a derivative thereof hepatitis A virus, hepatitis 
C virus and hepatitis £ virus, or from other viral pathogens, such as Respiratory 
Syncytial virus, human papilloma virus or Influenza virus, or derived from bacterial 
pathogens such as Salmonella, Neisseria, Borrelia (for example OspA or OspB or 

1 5 derivatives thereof), or Chlamydia, or Bordetella for example P.69, PT and FHA, or 
derived from parasites such as Plasmodium or Toxoplasma. 

The formulations may also contain an anti-tumour antigen and be useful for 
immunotherapeutically treating cancers. . 

20 

In an immunotherapeutic animal model for B cell lymphoma, where BCL-1 mouse 
lymphoma cells are adrninstered intaperitonelly to Balb/c mice on day 0, and mice are 
vaccinated on days 3, 10 and 20 with the BCL-1 ldlotype, formulation 
SB62/MPI7QS21 stands out as the most potent, both with respect to antibody titers, 
25 and with respect to survival (the only group with 100% survival). Similarly the ability 
of this formulation to stimulate cytotoxic T lymphocytes to the antigens included make 
them a good candidate for formulation of cancer antigens (eg melanoma antigens 
MAGE-1 and MAGE-3 for immunotherapy of tumors by active vaccination). 

30 The formulation may also be useful for utilising with herpetic light particles such as 
described in International Patent Application No. PCT/GB92/00824 and, International 
Patent Application No. PCT/GB92/00179. 

Derivatives of Hepatitis B Surface antigen are well known in the art and include, inter 
35 alia, those PreS i , PreS2 S antigens set forth described in European Patent applications 
EP-A-414 374; EP-A-0304 578, and EP 198-474. In one preferred aspect the vaccine 
formulation of the inventi n comprises the HIV-1 antigen, gpl 20, especially when 
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expressed in CHO cells. In a further embodiment, the vaccine formulation of the 
invention comprises gD2t as hereinabove defined. 

In a further aspect of the present invention there is provided a vaccine as herein 
S described for use in medicine. 

The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10 : 1; 
preferably 1 : 5 to 5 : 1 and often substantially 1:1. The preferred range for optimal 
synergy is 2.5:1 to 1:1 3D MPL: QS21 . Typically for human administration QS21 and 

10 3D MPL will be present in a vaccine in the range 1 ug - 100 ug, preferably 10 ug - 50 
ug per dose. Typically the oil in water will comprise from 2 to 10% squalene, from 2 
to 10% alpha tocopherol and from 0.3 to 3% tween 80. Preferably the ratio of 
squalene: alpha tocopherol is equal or less than 1 as this provides a more stable 
emulsion. Span 85 may also be present at a level of 1%. In some cases it may be 

1 5 advantageous that the vaccines of the present invention will further contain a stabiliser. 

Vaccine preparation is generally described in New Trends and Developments in 
Vaccines, edited by Voller et al, University Park Press, Baltimore, Maryland, U.S.A. 
20 1 978. Encapsulation within liposomes is described, for example, by Fullerton, U.S. 
Patent 4,235,877. Conjugation of proteins to macromolecules is disclosed, for 
example, by Likhite, U.S. Patent 4,372,945 and by Armor et al., U.S. Patent 
4,474,757. 

25 The amount of protein in each vaccine dose is selected as an amount which induces an 
immunoprotective response without significant, adverse side effects in typical 
vaccinees. Such amount will vary depending upon which specific immunogen is 
employed and how it is presented. Generally, it is expected that each dose will 
comprise 1-1000 |ig of protein, preferably 2-100 ug, most preferably 4-40 ug. An 

30 optimal amount for a particular vaccine can be ascertained by standard studies 
involving observation of appropriate immune responses in subjects. Following an 
initial vaccination, subjects may receive one or several booster immunisation 
adequately spaced. 

3 5 The formulations of the present invention maybe used for both prophylatic and 
therapeutic purposes. 
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Accordingly in one aspect, the invention provides a method of treatment comprising 
administering an effective amount of a vaccine of the present invention to a patient. 

The following examples illustrate the invention, 

5 

Examples 

Example 1 Vaccine formulation comprising the gpl20 antigen of HIV- 1 

1 0 The two adjuvant formulations were made each comprising the following oil in water 
emulsion component. 

SB26: 5% squalene 5% tocopherol 0.4% tween 80; the particle size was 500 nm size 
SB62: 5% Squalene 5% tocopherol 2.0% tween 80; the particle size was 180 nm 

15 

1(a) Preparation of emulsion SB62 (2 fold concentrate) 

Tween 80 is dissolved in phosphate buffered saline (PBS) to give a 2% solution in the 
PBS. To provide 100 ml two fold concentrate emulsion 5g of DL alpha tocopherol 
20 and 5ml of squalene are vortexed to mix thoroughly. 90ml of PBSHween solution is 
added and mixed thoroughly. The resulting emulsion is then passed through a syringe 
and finally microfluidised by using an Ml 105 microfluidics machine. The resulting oil 
droplets have a size of approximately 180 nm. 

25 1(b) Preparation of emulsion SB26 

This emulsion was prepared in an analogous manner utilising 0.4% tween 80. 

1(c) Other emulsions as depicted in Table 1 were made in an analogous manner. These 
30 are tested in the experiments as detailed in the following examples. 

1(d) Preparation of gp 120 QS21/3D MPL oil in water formulation. 

To the emulsion of 1 a) or b) or c) an equal volume of twice concentrated rgpl20 
35 (either 20ug or lOOug) was added and mixed. This was combined with SOug/ml of 
3D-MPL and 20ug/ml of QS21 to give the final formulation. Buffer was sed according 
to salt content and pH. 
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Table 3 shows the effectiveness of SB26, utilising gpl20 from HTV and 50ug/ml 3D 
MPL (MPL) and 20jig/ml of QS21 . The results show the geometric mean titre (GMT) 
after the second (PI 1) and third (Pill) inoculations as well as cell mediated responses 
(CMI) to lymphocyte prolipheration and y interferon production. 

5 

Example 2 

Introduction: Evaluation of an HIV gp 120 emulsion system 

10 In this experiment, four emulsions are compared [SB26, SB 62, SB40, SB61]. The 
influence of each formulation's component (antigen, emulsion, 3D- MPL, QS21) is 
evaluated. 



15 



2(b) Groups of animals utilised 

There are 22 groups of 5 animals each group received a different vaccine formulation. 



- gr 1-4: gp 120 (lOug) / no emuls ± [3D-MPL, QS21] 

- gr 5-9: gp 120 (lOug) / SB26 + [3D-MPL, QS21] 

20 -grlO: no antigen / SB26 + [3D-MPL, QS21] 

-gr 11-12: gp 120(10ug)/SB62±[3D-MPL,QS21] 

- gr 13-16: gp 120 (lOug) / SB40 + [3D-MPL, QS21] 

- gr 17-20: gp 120 (lOug) / SB61 ± [3D-MPL, QS21] 

- gr 21-22: gp 120 (5ug) / SB26 + [3D-MPL, QS21] 

25 

- Assays: - antibody titers to gp 120W61D and isotype analysis (all groups) 

2(c) Immunization and bleeding schedule 

30 - animals were immunized with gp 120W61D, formulated in different o/w 

emulsions in the presence of 5ug 3D-MPL and 5ug QS21 per dose. Negative controls 
received the equivalent formulations without any antigen. 

animals were immunized subcutaneoushy at day 0 and 14. Each injection dose 
3 5 was administered in a 1 OOul volume. 

blood samples were obtained before Immunization (day 0) and after 
Iirimunization on days 14 (post I), 21 and 28 (7 and 14d. post II). 
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2(d) Analysis of the serological response: 

the 14 days post I and post II serological response was evaluated in a direct 
5 ELISA assay to gp 120W61D. 

the 14 days post II response was also characterized regarding the isotypes of 
gp 120W61D specific antibodies induced in mice after immun ization. 

10 3 RESULTS AND DISCUSSION: 

The results are depicted on Table 2 

a) Comparison of emulsions in the presence or absence of 3D-MPL/QS2 1 : 

15 

Addition of emulsions SB26, SB40 or SB62 to the antigen induces higher 
antibody titers; In the absence of irnmunostimulants, the gp 120 specific antibodies 
are essentially IgGl. 

20 - Addition of immunostimulants 3D-MPL and QS2 1 induces a huge serological 
response and a shift of antibodies from IgGl type to IgG2a/IgG2b: This correlated 
with cell mediated immunity. 

The preferred combination is [SB26 + MPL + QS21] . 

25 

c) gpl20/SB26 formulation: 

No significant difference in serological response is observed between group 8 and 
group 9^ addition of the gp 120 before or after the other components of the 
formulation. 

30 

d) Antigen dose: 

Both 5 and 10 ug of gp 120 formulated in SB26 induce high serological response 
(groups 5-8 and 21-22) . 

35 Example 3 HSV rgD2t formulation 

In analogous manner to that set forth in Example la) formulation comprising the 
herpes simplex antigen rgD2t was made and used to vaccinate guinea pigs. Such 
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formulation induced protection against both recurrent and initial disease in the guinea 
pig model. 

Example 4 

5 Screening of adjuvants for induction of protective anti lymphoma responses 
using idiotype as immunogen. 

Therapeutic vaccination of Balb/c mice with idiotype from BCL1 lymphoma cells. 

10 A review of the BALB/C B-cell lymphoma model is discussed by Yefenoh et al. 
Current opinions Immunobiology 1993 5:740-744. 

Groups of 10 mice are injected (ip) with 10^ tumor cells at day 0 t and vaccinated with 
100 ug ofKLH- coupled immunoglobulin directed against BCL 1 epitoped (ratio of 
15 KLHAg: 1/1), in different adjuvant formulations at days 3, 10, 20 (sc immunization in 
the back). Level of serum antibodies to KLH and to idiotype, as well as mouse death 
are monitored. 



20 



group# 


adjuvant 


1 


none (no antigen) 


2 


none 


3 


Freund 


4 


Alum 


5 


Aium/MPL 


6 


Alum/MPL/OS21 


7 


QS21 


8 


MPL/OS21 


9 


SB62MPL 


10 


SB62/MPL/QS21 



MPL: lOug 
QS21: lOug 



groups 12-15: different adjuvants without antigen 



25 



Formulations 8, 9, 10, behaved consisentry better as compared to the others. 
Formulation 10 stands out as the most potent, both with respect to antibody titers, and 
with respect to survival (the only group with 100% survival). 
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EXAMPLE 5 Various formulations of RTS,S 

a) Evaluated in monkeys 

5 

RTS,S is described in International patent application no. WO93/10152 and was 
formulated for vaccination of Rheusus monkeys. Five animals were in each group: 

Group I RTS.S, 3D-MPL(50u), AL(OH) 3 
10 Group n RTS,S, QS21(20u), AL(OH) 3 

Group m RTS.S, 3D-MPL(50u), QS21(20^) 
Group IV RTS.S, 3D-MPL(50u), QS21 AL(OH) 3 
Group V RTS.S, 3D-MPL(10u), QS21 AL(OH) 3 
Group VI RTS,S, 3D-MPL(50u), QS21 SB60 

15 

The animals were inoculated and bled at 14 days post first immunisation and 12 days 
post second immunisation and tested for Anti hepatitis B surface antigen 
immunoglobulin. As can be seen from figure 1, animals receiving RTS,S, in SB60 had 
antibody titres almost six fold higher than any other group. 

20 

b) Various formulations of RTS.S - Evaluated in mice 
7 groups of animals received the following formulations 

25 Group 1 RXS,S SB62 

Group 2 RTS.S QS21 3D-MPL 

Group 3 RTS.S QS21 3D-MPL SB26 

Group 4 RTS.S 3D-MPL A1(0H) 3 

GroupS RTS,SA1(0H) 3 

30 Group 6 Plain 

Group 7 Negative control 

(RTS.S - 5ug/dose, 3 D-MPL 5ug/dose QS21 5ug/dose) 

35 The animals were inoculated and bled at 15 days post first irmiiunisation and at day 7 
and 15 post second iinmuiiisation and assayed for anti HBSAg antibody subtype. As 
can be seen from figure 2, the emulsion SB62 when formulated with QS21 and 3D- 
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MPL enhances preferentially and in a synergistic fashion the IgG2a antibody response 
while SB 62 alone or 3 D- MPL / QS21induce a poor I gG2a response. 

EXAMPLE 6: Evaluation of different B burgdorferi OspA formulations 

5 

6.1 Evaluation of different formulations of B burgdorferi ZS7 Osp A lipoproteins. 

OspA lipoprotein for B burgdorferi is described in European Patent Application 0418 
827 Max Plank et al. 

10 

The following formulations were tested in balb/c mice 

1. OspA + Al(OH)3 

2. OspA + Al(OH) 3 + 3 D-MPL(10u) 
15 3. OspA + Al(OH) 3+ 3D_MPL(30u) 

4. OspA + Al(OH) 3 + 3D-MPL (10a) + QS21 (5u) 

5. OspA + Al(OH) 3+3D .MPL(30u) + QS21(15u) 

6. OspA + SB60 + 3D-MPL (IOjj) + QS21 (5u) 

7. OspA +SB60 + 3D-MPL(30n) + QS21 (15^i) 

20 

and antibody titres and sub types studied seven days following a first inoculation and 
seven days post second inoculation (inoculations were at day 0, and 14). 

The results depicted graphically in figures 3 and 4 and show that the formulations of 
25 the present invention induce high levels of antibodies and these are preferentially of the 
IgG2a subtype. 

EXAMPLE 7: 

30 a> HSV-2ICP27 

Female Balb/c mice were immunized on day 0 and day 14 in the hind 
foot-pads with various formulations of NS 1-ICP27. Each injection 
contained 5 ug ofNSl-ICP27 and combinations of SB26 oil-in-water 
35 emulsion, QS21 (10 ug) and MPL (25 ug). 

Popliteal tymphnode cells were obtained on day 28 and stimulated in 
vitro with syngeneic P815 cells transfected with the ICP27 gene. The 
cultures were then tested for specific cytolytic activity on P8 1 5 
target cells transfected with ICP27 and P8 15 ICP27 negative controls. 
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Specific lysis results at different effector:target (E:T) ratios for 
different immunization groups were as follows: 

ICP27(5ug) 

5 E:T P815 P815 transfected withlCP 27 clone 121 

100:1 -10 

30:1 -2 -3 

10:1 3 0 

3:1 1 0 
10 1:1 2 2 

0.3:1 2 2 

ICP27(5ug) + MPL(25ug) 

E:T P815 P815 transfected with ICP 27 clone 121 
15 100:1 5 7 

30:1 2 2 

10:1 12 

3:1 -1 -1 

1:1 -2 -2 
20 0.3A -4 -1 

ICP27(5ng) + QS21(10ug) 

E:T P815 P815 transfected with ICP 27 clone 121 

100:1 4 17 
25 30:1 5 10 

10:1 3 7 

3:1 4 5 

1:1 3 5 

0.3:1 0 1 

30 

ICP27(5ug) + SB26 

E:T P81 5 P815 transfected with ICP 27 clone 121 
100:1 5 20 
30:1 1 19 
35 10:1 2 12 
3:1 -2 7 
1:1 1 5 
0.3:1 1 2 



WO 95/17209 



- 14- 



PCT/EP94/04227 



ICP 27 (5ug) + MPL (25ug) + QS21 (lOug) 

E:T P815 P815 transfected with ICP 27 clone 121 



100:1 


4 


13 


30:1 


5 


12 


10:1 


4 


17 


3:1 


1 


3 


1:1 


0. 


3 


0.3:1 


-1 


-2 



ICP 27 (5ug) + MPL (25ug) + QS21 (lOug) + SB26 
E:T P8 1 5 P81 5 transfectes avec ICP27 clone 121 

100:1 2 20 

30:1 0 17 
15 10:1 3 19 

3:1 3 8 

1:1 16 

0.3:1 2 3 

20 Low ICP27 specific % lysis was obtained in immunization groups: 

ICP 27 (5ug) + QS21 (lOug) 
ICP 27 (5ug) + SB26 

ICP 27 (5ug) + MPL (25ug) + QS21 (lOug) 
25 ICP 27 (5ug) + MPL (25ug) + QS21 (lOug) + SB26 



while 

ICP27(5^g) 
30 ICP 27 (5ug) + MPL (25ug) 
were negative. 

Thus these data show induction of CTL by recombinant NS1-ICP27 in 
oil-in-water emulsion alone or with QS21 and MPL; or with QS21. 

35 

b) Groups of 5 Balb/c mice were vaccinated in the footpad with the different 
vaccines (NS1-1CP27/NS1-ICP27 MPL + QS21/NS1-ICP27 SB26 = MPL and QS21/ 
adjuvant alone). One dose contained 10 ng NS1-ICP27, 10 \ig MPL and lOug QS21 
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Two vaccinations were given at days 0 and 7. Mice were challenged at day 14 with 
5.2 10 3 TCID50 of HS V2 strain MS. The appearance of zosteriform lesions and 
deaths were recorded until day 14 post challenge. 

5 ICP27 of HSV2 was expressed in E coli as a fusion protein with NS1 fragment of 
influenza virus. The protective efficacy of the purified recombinant protein was 
evaluated in the murine zosteriform model, in combination with MPL QS21 
formulations. Balb/c mice given two vaccinations with NS 1-ICP27 combined either 
with MPL + QS21 or with an oil in water emulsion (SB26) + MPL and QS21 were 

10 completely protected against disease (no zosteriform lesions) and death following 
HS V2 wild type challenge. In contrast, protection was not observed in the mice 
vaccinated either with NS1-ICP27 alone or with NS1-ICP27 combined with SB26 
without MPL and QS21 . 
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Claims 

1 . A vaccine composition comprising an antigen and/or antigenic composition, 
QS21, 3 De-O-acylated monophosphoryl lipid A (3D-MPL) and an oil in water 
emulsion wherein the oil in water emulsion has the following composition: a 
metabolisible oil, such as squalene, alpha tocopherol and tween 80. 

2. A vaccine as claimed in claim 1 wherein the ratio of QS2 1 :3D-MPL is from 
1:10 to 10:1. 

3. A vaccine composition as claimed in claim 1 or 2 capable of invoking a 
cytolytic T cell response in a mammal to the antigen or antigenic composition. 

4. A vaccine composition as claimed in any of claims 1 to 3 capable of sti mul a ting 
interferon y production. 

5. A vaccine composition as claimed in any of claims 1 to 4 wherein the ratio of 
QS21:3D-MPLisfrom 1:1 to 1:2.5. 

6. A vaccine composition as claimed herein comprising an antigen or antigenic 
composition derived from any of Human Immunodeficiency Virus, Feline 
Immunodeficiency Virus, Herpes Simplex Virus type 1, Herpes Simplex virus type 
2, Human cytomegalovirus, Hepatitis A,B,C or E, Respiratory Syncytial virus, 
human papilloma virus, Influenza vims, Salmonella, Neisseria, Borrelia, Chlamydia, 
Bordetella, Plasmodium or Toxoplasma. 

7. A vaccine as claimed in any of claim 1 to 5 wherein the antigen is a tumour 
antigen. 

8. Use of composition as defined in any of claims 1 to 5 for the manufacture of a 
vaccine for the prophyiatic treatment of viral, bacterial, or parasitic infections. 

9. Use of composition as defined in any of claims 1 to 5 for the manufacture of a 
vaccine for the immunotherapeutic treatment of viral, bacterial, parasitic infections 
or cancer. 

10. A method f treating a mammal suffering from or susceptible to a pathogenic 
infecti n cornprising the administration f a safe and effective amount of a 
composition according to any f claims 1 1 5. 
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1 1 A method of treating a mammal suffering from cancer comprising the 
administration of a safe and effective amount of a composition according to any 
claims 1 to 5. 

12. A process for making a vaccine composition according to claims 1 to 5 
comprising admixing QS21, 3D-MPL and the oil in water emulsion as defined ir 
claim 1 with an antigen or antigenic composition. 

13. A vaccine composition comprising an antigen or antigenic composition in 
association with an oil in water emulsion which emulsion comprises: a 
metabolisable oil , alpha tocopherol, and tween 80. 
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International application No. PCT/EP99/09560 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.17).): 

Description, pages: 

1 -64 as originally filed 

Claims, No.: 

1 -27 as originally filed 

Drawings, sheets: 

1/15-15/15 as originally filed 

Sequence listing part of the description, pages: 

1-11, as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)}. 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

H contained in the international application in written form. 

EJ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ 



the description, 
the claims, 



pages: 
Nos.: 



□ 



□ 



the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 

H claims Nos. 27 with respect to industrial applicability. 



H the said international application, or the said claims Nos. 27 relate to the following subject matter which does 
not require an international preliminary examination (specify): 
see separate sheet 

□ the description, claims or drawings {indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
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1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-27 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-23, 25-27 



Industrial applicability (IA) Yes: Claims 

No: Claims 1-23,25-27 



2. Citations and explanations 
see separate sheet 
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Ad Section III: Non-establishm nt of opinion with r aard to nov Itv. inventive 
step and industrial applicability 

Claim 24 relates to subject-matter considered by this Authority to be covered by 
the provisions of Rule 67.1 (iv) PCT. In this respect the following should be noted: 

For the assessment of this claim on the question whether it is industrially 
applicable, no unified criteria exist in the PCT. The patentability can also be 
dependent upon the formulation of the claims. The EPO, for example, does not 
recognize as industrially applicable the subject-matter of claims to the use of a 
compound in medical treatment, but may allow, however, claims to a known 
compound for first use in medical treatment and the use of such a compound for 
the manufacture of a medicament for a new medical treatment. 

Consequently, no opinion will be formulated with respect to the industrial 
applicability of the subject-matter of this claim (Article 34(4)(a)(i) PCT). 

Ad Section V: Reasoned statement with regard to novelty, inventive step or 
industrial applicability 

1 ) Novelty and inventive step 

1.1) The present application relates to polynucleotides isolated from Neisseria 
meningitidis and encoding a protein having 21% identity in a 623 amino acid 
overlap with the Neisseria meningitidis D15 outer membrane protein. The DNA 
sequence was derived from a database containing genomic DNA sequences of N. 
meningitidis strain ATCC13090. 

The polypeptides and polynucleotides claimed in claims 1-15 formally meet the 
requirements of Art. 33(2) PCT as the sequences have not been published in the 
prior art. Hence, claims 16-27, which relate to subject-matter dependent on 
claims 1-15 also meet the requirements of Art. 33(2) PCT. 

1 .2) Claims 1-27 do not meet the requirements of Art. 33(3)(4) PCT for the following 
reasons. 
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The present application lacks any evidence that the claimed nucleic acid 
sequence (derived from a genomic library) actually encodes a functional protein, 
let alone a protein with antigenic properties which could be used in a vaccine 
composition as claimed. 

Cloning of a gene the translated protein of which shows similarity to a known 
protein is considered routine laboratory praxis. In the present application no 
technical effect, such as e.g. antigenicity or protection against infection, etc., of 
the cloned gene is shown. 

The applicant is reminded that demonstrated function of a newly identified protein 
or nucleic acid sequence is a prerequisite to the final assessment of inventive step 
and industrial applicability. 

Thus, inventive step and industrial applicability can neither be acknowledged for 
the claims relating to the nucleic or amino acid sequences nor for the vaccine 
compositions comprising such sequences (claims 1-27). 
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S^^p^^ examination report and its annexes, if any, established on the international appl.cat.on. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3 Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
repon: (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain ^J f ^f 
translations and paying national fees) within 30 months from the pnonty date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT71B/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicants 
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(see Rule 70.1 6 and Section 607 ol the Administrative Instructions under the PCT). 
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International application No. PCT/EP 99/09560 



I. Basis f the report 

1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under A/tide 14 are referred to in this report as "originally filed' and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.1 7).)r, 
Description, pages: 



1-64 



as originally filed 



Claims, No.: 

1-27 



as originally filed 



Drawings, sheets: 

1 /i 5-1 5/1 5 as originally liied 

Sequence listing part of the description, pages: 
1-11. as originally filed 



2. With regard to the language, all the' elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

V 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23. 1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

H contained in the international application in written form. 

E filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ Tne statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



5 □ This report has been established as if {some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and Industrial applicability 

1 The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 

IS claims Nos. 27 with respect to industrial applicability. 

because: . 

H the said international application, or the said claims Nos. 27 relate to the following subject matter which does 
not require an intemationahpreiiminary examination {specify): 
see separate sheet 

□ the description, claims or drawings {indicate particular elements fie/ow) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify: 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Adm.nistrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supp rtin9 such statem rrt 
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1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: Claims 1*27 

No: Claims 

Yds: Claims 

No: Claims 1-23,25-27 



Industrial applicability (IA) Yes: Claims 

No: Claims 1-23,25-27 



2. Citations and explanations 
see separate sheet 
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INTERNATIONAL PRELIMINARY 



EXAMINATION REPORT - SEPARATE SHEET 

Ad Section III: N n-establishment of onSni n with regard to novelty, inventiv 
step and industrial applicability 

Claim 24 relates to subject-matter considered by this Authority to be covered by 
the provisions of Rule 67.l(iv) PCT. In this respect the following should be noted: 

For the assessment of this claim on the question whether it is industrially 
applicable, no unified criteria exist in the PCT. The patentability can also be 
dependent upon the formulation of the claims. The EPO, for example, does not 
recognize as industrially applicable the subject-matter of claims to the use of a 
compound in medical treatment, but may allow, however, claims to a known 
compound for first use in medical treatment and the use of such a compound for 
the manufacture of a medicament for a new medical treatment. 

Consequently, no opinion will be formulated with respect to the industrial 
applicability of the subject-matter of this claim (Article 34(4)(a)(i) PCT). 

Ad Section V: Reasoned statement with reg ard to novelty, inventive step or 
industrial applicability 



1 ) Novelty and inventive step 

1.1) The present appiication relates to polynucleotides isolated from Neisseria 
meningitidis and encoding a protein having 21% identity in a 623 amino acid 
overlap with the Neisseria meningitidis D15 outer membrane protein. The DNA 
sequence was derived from a database containing genomic DNA sequences of N. 
meningitidis strain ATCC13090. 

The polypeptides and polynucleotides claimed in claims 1-15 formally meet the 
requirements of Art. 33(2) PCT as the sequences have not been published in the 
prior art. Hence, claims 16-27, which relate to subject-matter dependent on 
claims 1-15 also meet the requirements of Art. 33(2) PCT. 

1 .2) Claims 1-27 do not meet the requirements of Art, 33(3)(4) PCT for the following 
reasons. 
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The present application lacks any evidence that th claimed nucleic acid 
sequence (derived from a genomic library) actually encodes a functional protein, 
let alone a protein with antigenic properties which could be used in a vaccine 
composition as claimed. 

Cloning of a gene the translated protein of which shows similarity to a known 
protein is considered routine laboratory praxis. In the present application no 
technical effect, such as e.g. antigenicity or protection against infection, etc., of 
the cloned gene is shown. 

The applicant is reminded that demonstrated function of a newly identified protein 
or nucleic acid sequence is a prerequisite to the final assessment of inventive step 
and industrial applicability. 

Thus, inventive step and industrial applicability can neither be acknowledged for 
the claims relating to the nucleic or amino acid sequences nor for the vaccine 
compositions comprising such sequences (claims 1-27). 
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Applicant 
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Tetravalent meningococcal 
polysaccharide vaccine groups A, C, 
Y, W 135: clinical and serological 
evaluation* 



J. Armancft, F. Arminjoni , 
M. C. Mynard\ andC. Lafaixt 



A tecravalrnr mcninfiocrxcal polysaccharide vaccine— groups A, C. Y. W 135— h»s been 
prepared for innocuity and immunogenic ity resting in adult volunreers. In this preliminary 
study, the new formuUrion appeared safe and immunogenic. 



INTRODUCTION 

Although most of the isolations of Nesscrta nwtingittdh of groups Y and W 135 arc 
apparently from asymptomatic carriers, groups Y and W 135 cause a substantial 
number of acute symptomatic infections: septicemia and meningitis (Smilack, 1974; 
Koppes, Ellenbogen & Gcbbart, 1977; Amico & Myerowitz. 1978; Kleiman. 
Reynolds, Steinfeld, Allen & Smith, 1978; Hersh. Gold 6c Lepow, 1979; McLeod, 
Griffiss & Brandt, 1979; Galaid et al. t 1980). In order to broaden the protection 
afforded by meningococcal vaccine, groups Y and W 135 polysaccharide components 
were added to groups A and C components. 

The objective of this study was to evaluate the clinical acceptability of and the 
serological responses to this tetravalenc formulation. 

• Received for publication 24 June 1982. 

t Insiitut Mcrieux, 69260 Charbonnieres Les Baini, France. 

% Cenrre Hospitaller Jncercommunal. — 94 190 ViHeneuve Sf Georges. France. 

0092-1 157/82/040335 + 05 $03.00/0 © l982Thel«rwr*iion*l A**oeiariono/Bioln>;ifal Standardization 
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J. ARM AND ET AL. 

MATERIALS AND METHODS 
Vaccine 

Capsular polysaccharides were prepared according to the method of Gotschlich, Rey, 
Etienne, Triau & Cujetanovic (1972) and met the WHO. requirements (W.H.O., 
1976, 198 1>- Quality controls are summarized in Table 1. 

TABLB 1. Results of quality control tests performed on individual bulk 
polysaccharides and final vaccine 



Results 



A C Y W 135 Final 

polysaccharide polysaccharide polysaccharide polysaccharide vaccine 



Percentage poly- 
saccharide eluted 



before K a 0-5 


84*90 


91-35 


94-16 


94-96 




Nucleic acids 












(%, w/w) 


0-16 


0-35 


0-29 


0-27 




Protein (%, w/w) 


<0*10 


<0-10 


0- 16 


0-60 




Total nitrogen 












(%, w/w) 






2-46 


2- 17 




Sialic acid (%, w/w> 




8116 


53-04 


57-60 




O Acetyl (mmol g -1 ) 


2-12 


1-58 


0-57 


0-39 




Phosphorus <%, w/w) 


8-25 




013 


<0-10 




Moisture (%, w/w) 


6-31 


9*31 


12-55 


17-50 


113 


Rabbi r pyrogen test 


S 


S 


S 


S 


S 


Innocuity 










S 


Scerilicy 










s 


Identity 


S 


S 


S 


S 


s 


Serological specificity 


S 


S 









S, Satisfactory. 



Clinical studies 

The study group was composed of 24 healthy aduit volunteer subjects (6 male and 18 
female), aged 2 1—54 years (mean age of 3 1 years) and included employees and staff of a 
university hospital. Each received 0 5 ml of vaccine containing 50 /ig of each of the 
four polysaccharides, subcutaneously. None of the volunteers had previously received a 
meningococcal polysaccharide vaccine. 

Each subject was monitored for local and systemic reactions for four days. Blood 
samples were collected prior to immunization and at four weeks after immunization. 
Bactericidal antibodies were measured using a procedure developed by rhe Bureau of 
Biologies (Food and Drug Administration, Bureau of Biologies, 1977). 

RESULTS 

Neither systemic reactions nor temperatures above 37°C were observed. Mild local 
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actions « *e ir.jec.ion site w«c reported but none persisted longer than 72 h (T.b.e 

individuals, 23 (95 -8%), ^ tiuuw;, « w Yand W 135. Table 3 

cr s=srrws2KK=^ * — — ■ 

Table 2. Local reactions after subcutaneous inoculation of a cetravalent 
meningococcal vaccine 



Symptom 
duration (h) 



Redness 



Induration 



Pain 



24 
48 
72 

Totals 



4/24 
5/24 
1/24 

10/24 



1/24 
4/24 
2/24 

7/24 



8/24 
7/24 
0/24 

15/24 



Table 3 Meningococcal bactericidal antibody titres following 
^unizLion with! retravalent meningococcal I polysacchande vacone, 
groups A, C. Y, W 135 



Initial seronegatives 
Titre <4 

Meningococcal 

vaccine Fourfold increase 

components no./total* 



Initial seropositives 
Titre 3*4 



Group A 
Group C 
Group Y 
Group W 135 



3/3 
12/12 
9/9 
9/9 



Fourfold increase 
% g.m.c.t no./total * % g-m.i. t 

(56) 
1573 
(85) 
1932 
(281) 
2700 
(67) 
2962 



100 

too 
too 

100 



«4> 
813 
<<4) 
1932 
«4) 
1392 
«4> 
1105 



20/21 
12712 
13/15 
14/15 



95 
100 
87 
93 



• Number showing rise/total number tested. 

t Geometric mean titrcs. pre-immunization mean tttres m parentheses. 



DISCUSSION 

Several clinical trials in normal subjects have shown the '^^^L^s 
individual polysaccharides of group Y and W 135 (Farquhar. Hanlans, »*^™> 
DeMeio & Metzgar, 1978; Tiesjema * Beuvery, 1977), or the ^munogem c. y of 
croup Y polysaccharide in combination with groups A and C polysacchar.des (far 
Lhar, Hankins. DeSanctis, DeMeio* Metzgar, 1978). This study demonstrates very 
acceptable tolerance of this new vaccine composition and very good immunogenic. , y 
After immunization subjects reached significant titres of bactericidal annbodies. ah 
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mn «7 ^ VCrt u ^ th€ / 0uf components of the vaccine. Of the seropositives 
a 12 J 8 95% achieved a fourfoId or «"«er rise, respectively, co the A C Y 
and W 135 components These results suggest an independent response to mening- 
ococcal polysaccharides It remains necessary to study the persistence of antibodies and 
the immunogenic;^ of this combination in infants older than two years of age. 
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